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ABSTRACT 

Neural regulation thyrotrophic function the anterior pituitary has been 
investigated the rat. Using vivo thyroid release measure thyroid 
activity, the effects thyroxine, partial thyroidectomy and 2,4 dinitrophenol 
(DNP) have been studied normal rats and rats with lesions 
that had produced reduction baseline thyroid function. in- 
jections, per day, inhibited thyroid activity operated and control 
rats equal degree. Partial thyroidectomy was followed functional ac- 
tivation the remnant out rats with lesions and all control 
animals; thyroid regeneration occurred all control rats, but was blocked 
rats with lesions. DNP produced thyroid inhibition all control 
animals. rats with lesions DNP was significantly less effective causing 
thyroid inhibition than normal rats and animals thyroid activity was 
increased after DNP administration. 

These observations are interpreted indicate that the anterior pituitary 
gland itself responsive both increased and decreased blood thyroid 
hormone concentration, but that the which the pituitary reacts 
governed nervous system mechanism which involves the hypothalamus. 
concluded that DNP acts more than one site inhibiting pituitary 
thyrotropin release and that there important DNP-sensitive neural com- 
ponent this system. 


observations indicate that the synthesis and discharge 

pituitary thyrotrophin (TSH) regulated the thyroid hormone. 

recently has become apparent that TSH release influenced also 
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hypothalamic structures (for references see and 
active substances such 2,4 dinitrophenol (DNP) (2-4). The following 
experiments were done determine the hypothalamus 
part the mechanism which thyroxine and DNP suppress and 
blood thyroid hormone levels stimulate TSH secretion. Rats with hypo- 
thalamic lesions and sham operated controls were utilized test animals 
and thyroid release rate was used measure activation TSH. 


METHODS 


Several groups male rats with hypothalamic lesions and sham operated 
animals described series and another study (1) were used this 
experiment. These animals had moderate marked destruction the anterior and 
middle hypothalamus with consequent thyroid gland inhibition varying degrees. 
Conditions diet and housing were identical were the techniques used for measure- 
ment thyroid function. Thyroid hormone blood levels were lowered subjecting the 
rats removal three-quarters the thyroid gland previously described tech- 
nique (2). The operative method used the present study differed that atropine pre- 
medication was not used. The effect thryroxine and 2,4 (DNP) 
thyroid activity was determined follows. initial baseline release curve was ob- 
tained beginning hours after the intraperitoneal injection we. second 
injection was then given, and thyroid radioactivity hours again measured. 
Immediately after this initial count drug administration was begun and second curve 
measured. The slope each curve was the method least squares and 
the effect the drug expressed the percentage change slope the treated com- 
pared with the period. Sodium was administered daily in- 

physiological saline solution containing 0.01 NaOH. DNP was 
twice crystallized from acetone and given one three ways. 

Experiment (Series DNP was added ground laboratory 
tion 0.1%. Both control rats and those with lesions were given this ration libitum. 

Experiment Five mg. DNP ml. distilled water (brought 
7.4 with NaOH) were administered intraperitoneally every hours. 

Experiment (Series the time operation each animal with lesion was 
paired with sham-operated control. Daily food intake the lesion-bearing animals 
was measured and identical amount food was then offered the normal member 
the pair. certain pairs, rats with lesions ate more food than did the control animals. 
each pair, however, the animal with the lesion ate the same amount or, the case 
those with hyperphagia, more than its pair. During the test period DNP con- 
centration 0.1% was added the diet. 

addition studies thyroid function, the effect DNP rectal temperature 
and metabolic rate was determined rats from Series III, using techniques 
previously (1). 


RESULTS 


The Effect Thyroxine Injections Thyroid Function Rats 
Hypothalamic Lesions 


total rats with lesions and control animals the series 
group were injected once daily for six days with be- 


Obtained through the kindness Dr. Travenol Laboratories 
Morton Grove, Illinois. 


Ralston Purina Laboratory Chow. 
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TABLE THE EFFECT THYROXINE INJECTIONS (15 L-THYROXINE DAILY) 
THYROIDAL RELEASE RATE RATS WITH HYPOTHALAMIC LESIONS 


Thyroidal release rate 


Group ani- Initial After 


inhibition 


esion 


With initial release rate 
below the lowest control 
With initial release rate 
within the control range 19. 0.3 87. 


vinning immediately after the initial neck count, which was obtained 
after administration. release rate for each rat was compared 
with baseline I'*! release rate determined week previously. 

Animals with lesions were considered groups, those whose initial re- 
lease rate fell within the initial release rate the control animals, and those 
whose initial release rate was less than the lowest value the control 
group. Thyroxine injection led inhibition release rate every rat 
highly significant degree (Table 1). The extent inhibition was ex- 
pressed the percentage change slope after thyroxine. Mean percentage 
inhibition control animals and animals with lesions whose initial re- 
lease rate was within the normal range was nearly identical (85.6 and 
87.2% respectively). rats with initially low release rate, the percentage 
inhibition was 79.7, but the difference between this group and the control 
group not significant statistical test =0.92). 


Changes Release Rate after Partial Thyroidectomy 


total control and animals with hypothalamic lesions from 
series and were available for study before and three weeks after the 
removal three-quarters the thyroid gland (Table 2). Initial release 
rate was significantly slower animals with lesions than the controls. 
After partial thyroidectomy each the control animals showed in- 
crease release rate, and each the rats with lesions series and 
the series also showed acceleration the postoperative curve. 


Thyroid Regeneration Animals with Lesions 


estimate remnant weight was made previous study (5) 
subtracting from the weight the removed left lobe the weight the por- 
removed from the right lobe the time thyroidectomy. This esti- 
mated remnant weight was compared with the weight the portion 
‘hyroid found death (Table 2). each control animal remnant weight 
increased, but more variable results were obtained the animals with 
lesions. series rats with lesions failed show increase rem- 
weight after partial thyroidectomy. Three these fact had thy- 
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roid remnant weight death which was less than that estimated have 
been present the time partial thyroidectomy. series only one 
the rats with lesions failed show compensatory hypertrophy after 
partial thyroidectomy. The individual rat without compensatory hyper- 
trophy (initial remnant weight estimated 7.8 mg., 7.1 mg. found 
autopsy) had small but definite increase release rate from 8.7 
10.6% per day. Thyroid remnant weight rose from estimated initial 
value 8.5 13.6 mg. the single rat that had increase release 
rate. 


Effect DNP Thyroidal Release Normal Rats and Rats with 
Hypothalamic Lesions 


DNP effects thyroid I'*! release were studied control and rats 
with lesions studied three experiments (Table 3). the first (series 
DNP was added the food and the rats were allowed eat libitum. 
All control animals had thyroid inhibition least while the 
lesion group animals had faster release rate DNP than be- 
fore DNP and inhibition was less than 20%. Mean inhibition ani- 
mals with lesions was significantly less than the control group. 

evaluating this experiment the possibility was considered that the 
difference effect was due variations the intake 
food. This question was investigated two ways. one experiment the 


TABLE 2,4-DINITROPHENOL THYROIDAL RELEASE RATE NORMAL 
RATS AND RATS WITH HYPOTHALAMIC LESIONS 


Initial release rate Percentage inhibition 
Series 
DNP fed ad-lib. 
Control 0.9 54.0 
Lesion 9.7 0.8 
Series 
DNP injected 
Control 19.5 6.8 
Lesion 12.5 1.3 4.9 
(initial rate normal range) 19.4 5.5 
(initial rate below control) 8.5 7.4 
Series 
DNP fed 
Control 
ad-lib. fed 22.6 0.9 
paired 21.0 0.7 2.4 


Difference between paired and ad-lib. fed significant <.001). 

Difference between lesion and normal significant 

Difference between lesion and normal not significant (P<0.1>0.05). 

Difference between all lesion animals and control significant 

Difference between lesion and control significant 

These series refer animals with anterior and middle damage described 
previous publication (1). 


Difference between lesion and both control groups significant 
| 


DNP was given injection, and the other was added the food. 
the latter experiment each the paired control rats was offered amount 
DNP-containing diet equal the quantity consumed the rats with 
lesions. all instances rats with lesions ingested amounts diet equal 
more than the quantity taken the controls. Thus, any reduced effec- 
tiveness DNP rats with lesions could not have arisen through the con- 
sumption reduced amounts the drug. 

Effect DNP Injection (Series DNP injection produced 
smaller and less constant effects release than when administered 
the diet, effect probably due rapid excretion the drug. Despite 
large statistical variance the control group, mean inhibition was signifi- 
cantly greater than that animals with lesions. The blocking effect 
lesions was more marked some rats than others. One animal had 
more rapid release rate while under treatment, and other operated 
animals were inhibited lesser degree DNP than the least inhibited 
the control group. 

Control Paired with Operated Animals (Series this experiment 
control animal was paired with each lesion-bearing rat. Thyroid inhibi- 
tion DNP was again found significantly less animals with lesions 
than their controls. Differences were marked certain individuals; for 
example, the least inhibited control rat was more affected than over half 
the rats with lesions, and the brain-damaged rats displayed more rapid 
I'*! release rate while getting DNP than when untreated. 

interesting that the normal rats consuming DNP the diet 
libitum had significantly more thyroid inhibition than did the normal rats 
paired with animals with hypothalamic lesions. This difference was due 
the fact that food intake brain-operated animals reduced greater 
extent the addition DNP the diet than the intake normal 
animals; the DNP intake libitum fed animals therefore higher. This 
phenomenon similar that observed Kennedy (6) hyperphagic 
rats given food adulterated with kaolin. 


Effect DNP Metabolic Rate and Body Temperature 


DNP apparently exerted smaller effect thyroid function rats with 
hypothalamic lesions than normal animals. Variations dosage were 
excluded injection and paired experiments. The possibility was next 
considered that DNP did not work well because, animals with lesions, 
the drug failed produce the usual increases rate body 
temperature. particular reason for considering this was the observation 
Ramey and Goldstein that the effect thyroxine oxygen consump- 
tion was abolished rats with hypothalamic lesions (7). 

Measurement oxygen consumption series III rats before and one 
hour after intraperitoneal injection mg. DNP (Table failed 
reveal any significant difference metabolic responsiveness rats with 
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TABLE EFFECT INTRAPERITONEAL INJECTION 5.0 MG. 2,4-DINITROPHENOL OXY- 
GEN CONSUMPTION NORMAL RATS AND RATS WITH HYPOTHALAMIC LESIONS 


Metabolic rate 
Percent increase 
hr. after 
injection 
Mean S.E. Mean 
ml./hr./100 gm. gm. 


Group No. rats Initial 


Control 106.7 4.7 143.1 


35.8 


Lesion 4.3 13.1 61.4! 


Differences between rats with lesions and control animals not significant 


lesions compared with normal animals. fact, the mean percentage in- 
animals with lesions was greater than normals, although this 
difference was not found significant statistically. The mean body 
rats with hypothalamic lesions was significantly higher 
than that control animals (Table 5); nevertheless DNP these rats 
produced increase body temperature which not significantly differ- 
ent from that produced control animals. 


Neuroanatomical Correlations 


Response Partial Thyroidectomy. The series rats with blocked 
thyroid regeneration had lesions the hypothalamus between the para- 
ventricular nucleus and the median eminence (Fig. 2). Two series rats 
had thyroid regeneration: one had very small lesion anterior the para- 
ventricular nucleus while the other had indistinguishable posi- 
tion and size from those with regeneration Series rats were 
detail previous paper (1). All animals had extensive dam- 
age hypothalamic areas between the paraventricular nucleus and me- 
dian eminence; had moderate marked damage the hypophysial- 
portal vasculature. One rat particular interest because its entire 
hypothalamus was almost completely destroyed, including the primary 
portal plexus (Fig. 2). grew poorly, had gonad atrophy, severe diabetes 


TABLE EFFECT INTRAPERITONEAL INJECTION MG. 2,4-DINITROPHENOL BODY 
TEMPERATURE NORMAL RATS AND RATS WITH HYPOTHALAMIC LESIONS 


Body temperature 


S.E. 
Control 36.9 0.9 


Difference between initial temperature control and lesion group significant <0.02). 

Difference between initial body temperature and maximum temperature after DNP sig- 
Increment was from individual responses the drug. 

Difference between lesion and control not significant. 


1.12 0.5 
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insipidus, extreme irritability, and low baseline levels release rate. 
Nevertheless, partial thyroidectomy was followed increase remnant 
size from 4.5 6.5 mg. and increase release rate from 8.0 12.8% 
per day. 

Response Thyroxine. Thyroxine inhibition was studied series 
III. The brains were available for examination rats; these, had 
large areas destruction the region between the paraventricular nucleus 
and the median eminence. the others, damage this region was slight. 

Response Dinitrophenol. Brains were available for study from series 
III rats and series rats. Damage varied from well localized lesions the 
pre-optic area almost complete hypothalamic destruction with exten- 
sive primary plexus damage. correlations were apparent between the 
site extent damage and the degree inhibition produced DNP. 


DISCUSSION 


the regulation pituitary-thyroid activity TSH secretion inhibited 
high blood thyroxine concentrations and accelerated when thyroxine 


REFERENCE SECTION 


Frontal sections the brain the level the caudal limit the paraventric- 
ular nucleus four rats with thyroid are illustrated. The solid 
black area indicates the region destruction. Landmarks these sections are given 
diagram the hypothalamus normal rat. Abbreviations: MT, mammillo- 
tract; Fx, fornix; Pv, paraventricular nucleus; 3rdV, third ventricle; OT, 
tract; SON, supraoptic nucleus. 


& 4 = “> 
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The extent hypothalamic damage one rat illustrated diagrammatic 
projection sagittal section and microphotograph coronal section the 
maximum damage (level A). Almost complete hypothalamic destruction this 
animal prevented neither thyroid regeneration nor increase release rate. Abbrevia- 
tions: A.C., anterior commissure; Fx, fornix; Inf., infundibulum; Inf. P., Infundibular 
process; M.B., mammillary body; P.O., preoptic nucleus; P.V., paraventricular nucleus. 


falls. this experiment the influence the hypothalamus 
the control the pituitary-thyroid axis was investigated, 
using experimental subjects rats with extensive hypothalamic lesions. 
These animals displayed marked abnormalities thyroid function, in- 
low uptake and low rates release. Despite the destruc- 
tion thyroid-regulating neural structures, was found that rats with 
lesions had qualitatively normal responses changes blood thyroid hor- 
mone levels. such animals, normal controls, the injection thy- 
roxine was followed marked inhibition thyroid release; after 
partial thyroidectomy rats with lesions and the control animals both de- 
veloped increase the rate discharge from the remnant. Preser- 
vation these responses the face massive hypothalamic 
damage permits the conclusion that the hypothalamus not essential for 
the appropriate reactions the pituitary blood thyroxine concentration. 
similar conclusion was reached D’Angelo from studies which 
plasma and pituitary TSH concentrations were determined 
assay (8). 

The findings this study may considered the light previous 
investigations the role the hypothalamus the pituitary response 
and lowered blood thyroid hormone levels. That thyroxine sup- 
presses TSH activity without the necessary intervention the hypothala- 
the hypothalamic-pituitary neurovascular connection seems well 
established. the rat (9) and rabbit (10) section the pituitary stalk 

ransplantation the pituitary the anterior chamber the eye (11, 12) 
causes reduction thyroid activity, but these animals show typical thy- 
‘oid inhibition after the injection thyroxine. direct action thyroxine 
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the thyroid gland can excluded the cause this effect (10). rats, 

hypothalamic lesions prevent neither the normal depression pituitary 
TSH content triiodothyronine (8) nor the normal inhibition thyroid 
I'*! release which produced thyroxine (13). More direct evidence 
local effect thyroxine the anterior pituitary was obtained von 
Euler and Holmgren (14). These authors demonstrated that thyroxine 
amounts too small cause thyroid inhibition when injected into the gen- 
eral circulation the rabbit inhibited the thyroid when injected into the 
anterior pituitary. 

The present experiments also indicate that the hypothalamus not 
essential for the pituitary response lowered blood thyroid hormone 
levels. Confirmatory data may found the literature although there 
some degree controversy. rats with lesions propylthi- 
ouracil (PTU) administration followed the usual decline pituitary 
TSH content (8), rise TSH levels (8), degranulation pituitary 
thyrotrophic cells (15) and increase thyroid follicle cell height some in- 
stances (15), complex events best explained being due mobiliza- 
tion TSH. Furthermore, the partially thyroidectomized rat the 
thyroid/serum iodide ratio (T/S ratio) rises, even the presence 
hypothalamic lesion (16). rats with hypothalamic lesions propylthi- 
ouracil administration followed the normal increase the T/S ratio 
(17-19). Although the effects PTU iodide trapping rats with 
‘lesions can construed evidence that TSH release increased these 
animals, interpretation these findings made difficult the demon- 
stration that PTU exerts direct effects the thyroid gland and its 
response TSH (20, 21). 

this study hypothalamic lesions were found produce inconstant 
effects regeneration after partial thyroidectomy. large proportion 
the animals regeneration was blocked, finding similar that pre- 
vious study (16) and analogous the propylthiouracil-goiter block reac- 
tion rats with lesions first demonstrated Greer and confirmed 
other authors (15). anatomical feature distinguished those lesions 
which affected regeneration and function from those which affected func- 
tion only. Much literature has accumulated about the significance the 
dissociation between thyroid growth and thyroid functional response pro- 
duced hypothalamic lesions pituitary transplantation (4, 
this question will considered detail another publication (25). 

confirmation the experiments Wolff, Goldberg and their col- 
laborators dinitrophenol was found inhibit thyroid gland activity 
the normal rat. This characteristic response was significantly modified 
hypothalamic lesions. contrast thyroxine, which equally effec- 
tive normal and brain-damaged animals, DNP caused smaller mean 
change thyroid function rats with hypothalamic lesions; few in- 
stances the usual effects the drug were blocked completely the lesion. 
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Before interpreting these results relation pituitary-thyroid axis regu- 
lation, their validity must considered. possibility that cannot ex- 
cluded absolutely that modified DNP effects occur rats with lesions 
because baseline thyroid function these animals abnormally low. Even 
with maximum inhibition the proportional change release might 
less than that control animals. number findings indicate that this 
possibility unlikely and suggest that hypothalamic lesions some 
way interfere with DNP action TSH release. one the experiments 
(Series III, Table the operated rats had release rates within the 
normal range, and these animals inhibition DNP injection was sig- 
nificantly less than normal. total rats with lesions had increase 
release rate while being treated with DNP; this kind effect was never 
observed normal animals. Finally, series III rats that had signifi- 
cantly reduced response DNP injection thyroxine was found have 
normal inhibitory response. From these results the conclusion drawn 
that DNP reduces thyroid activity part least through action 
mechanism which influences pituitary 
tion. Although DNP responsiveness was reduced the lesions, thyroid 
inhibition still most rats, even those with almost complete 
destruction the hypothalamus. This indicates that DNP does not exert 
effect exclusively the.diencephalon producing changes thyroid 
function. 

Evidence has been presented this paper that lesions 
reduce baseline thyroid activity but that the hormonal feedback regulation 
the pituitary-thyroid axis may operate despite extensive hypothalamic 
damage. There is, moreover, evidence that bringing about thyroid in- 
hibition dinitrophenol acts both diencephalic and pituitary sites. 
would seem worthwhile try integrate these observations into com- 
prehensive hypothesis explain the relationship between neural and the 
hormonal regulation the pituitary-thyroid axis. Attempts this kind 
have been made number other authors 14, 
appears that the pituitary gland autonomously responsive changes 
local thyroid hormone concentration regardless the level activity 
which operating. its reactions, operates like con- 
trolling unit (31) and analogy with thermostats and (34) 
may considered The hypothalamus, the other hand, 
seems important establishing the baseline level function. 
rats with hypothalamic lesions resting thyroid activity reduced 
26) are blood levels TSH (8, 26) and protein bound iodine (26). 
hypothalamic damage disruption normal hypothalamic- 
pituitary connections followed abnormal sensitivity thyroid hor- 
mone (10, 11, 13). mechanistic model may postulated that the 
setting the pituitary governed hypothalamic mech- 
anism which acts through the pituitary stalk. reasonable supposition, 
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based experimental observations, that through this hypothalamic 
mechanism the activity the thyroid gland homeostatically integrated 
with the nervous functions that control body temperature (1), energy ex- 
penditure, food seeking behavior, and heat balance. 

Consideration must given the nature the stimuli which the 
hypothalamus turn sensitive its regulation the pituitary-thyroid 
axis. The observations von Euler and Holmgren (14) the effects 
local micro-injection rabbits indicated that the hypothalamus was not 
locally sensitive thyroxine. Very recently however, Yamada and Greer 
(32) and Yamada (33), restudying the question rats, have shown that 
intrahypothalamic injection thyroxine followed thyroid inhibition, 
and prevention goiter formation after ingestion propylthiouracil. 
addition local sensitivity thyroxine, also possible that the hy- 
pothalamic control pituitary-thyroid activity responsive changes 
overall body heat oxygen consumption. Such interpretation would 
help explain how the neural temperature and heat regulating mechanisms 
are integrated with pituitary-thyroid interactions response changes 
environmental temperature heat loss (38), fever producing sub- 
stances (4, 39), infections (40), salicylate administration (41, 42). 
this connection should pointed out that DNP, though possibly acting 
hypothalamic and pituitary sites intracellular effects shared with 
thyroxine (43), may also effective because raises cerebral oxygen con- 
sumption (44)—a response not shared thyroxine (45). The elucidation 
this question awaits further study. 
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THYROID FUNCTION, BODY TEMPERATURE 
REGULATION AND GROWTH RATS 
WITH HYPOTHALAMIC 


SEYMOUR REICHLIN 
Departments Medicine and Psychiatry, Washington University 
School Medicine, St. Louis, 


ABSTRACT 


Electrolytic lesions the hypothalamus were produced male rats. 
When compared with 64-sham-operated controls, certain rats with lesions had 
thyroid inhibition (decreased uptake and release rate), persistent hyperther- 
mia, diabetes insipidus, testicular atrophy and growth disturbance. Functional 
and neuroanatomical studies indicated that thyroid dysfunction, 
diabetes insipidus and testicular atrophy were all independent consequences 
localized brain injury. temperature regulating center was localized the 
pre-optic area; this partially overlapped the TSH regulating area which lies 
between the paraventricular nucleus and the median eminence. Gonad atrophy 
was caused infundibular damage. measured rate increase body 
length (nose-tail) and tibial length death, growth was significantly im- 
paired certain hypothalamic lesions. specific neural localization the 
lesion responsible for poor growth could made but was noted that the 
most striking effects occurred with large median eminence lesions that had in- 
volved the primary portal plexus stalk and had caused severe diabetes in- 
sipidus. India ink perfusion showed that the pituitaries were generally well 
vascularized. Hyperthermia and thyroid dysfunction were probably not the 
cause the growth reduction since either both these abnormalities oc- 
curred rats with normal growth rate. 


OCALIZED hypothalamic damage separation the pituitary gland 
from direct anatomical connection with the median eminence changes 
the function the pituitary-thyroid axis laboratory animals (1) and 
man (2). Altered pituitary-thyroid function also occurs following electrical 
stimulation the hypothalamus (3), emotionally experi- 
ence (4). Despite this evidence central nervous system participation 
the regulation pituitary thyrotrophic hormone release the nature the 
control mechanism and its relation other visceral regulatory functions 
the brain remain uncertain. 
This paper report studies carried out elucidate the effect 
hypothalamic lesions thyroid function, and the relationship between 
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this and certain other disturbances which follow hypothalamic dam- 
age. These include hyperthermia, diabetes insipidus, hyperphagia, gonadal 
atrophy and growth failure. Also considered the effect pituitary blood 
supply lesions which produce various endocrine abnormalities. The 
prepared for this study were used subsequent experiments con- 
with the role played the hypothalamus the response altera- 
ions blood thyroid hormone level and the thyroid inhibitory response 
dinitrophenol (5). 


METHODS 


Male rats the Sprague-Dawley strain obtained from the Holtzman Company were 

ised these studies. They were housed singly temperature controlled room (26 
+1° C), exposed constant periods illumination and fed Purina Laboratory Chow 

ind tap water lib. Hypothalamic lesions were produced with the aid Krieg- 
fohnson stereotaxic instrument utilizing platinum electrode insulated within 
mm. the end with epoxylite varnish. The platinum electrode was connected 
the anode, and hypodermic needle connected the cathode. Four series 
rats were prepared. three these bilaterally lesions were placed 0.8 
mm. anterior bregma, 0.6 0.8 mm. from the midline, and 0.5 mm. above the floor 
the skull. Current mA. for seconds was used. Sham operated animals were 
prepared inserting the electrode into the hypothalamus, but current was not passed. 
controls were also studied. the fourth experiment lesions were placed 
mm. anterior bregma, 0.5 mm. lateral the midline, and 0.5 mm. above the base 
the skull, and some the animals second set lesions were also placed order 
destroy the ventromedial nuclei well (0.5 mm. posterior bregma, 1.0 mm. 
lateral the midline and the base the skull). Controls for this experiment were 
prepared inserting the electrode only 2.0 mm. deep into the cortex. the fourth 
experiment growth was specificelly studied. Diet factor growth disturb- 
ance rats with lesions was evaluated follows. the time the operation each 
animal with lesion was paired with sham-operated control. Daily food intake the 
lesion-bearing animals was measured and identical amount was then offered the 
normal member the pair. certain pairs, rats with lesions ate more than did the 
control animal. all instances, however, the food intake rats with lesions was equal 
greater than the food taken control animals. Nose tail length intervals after 
operation was measured the anesthetized rat and the length the tibiae were de- 
termined vernier calipers from the cleaned bones after death. 

Thyroid function was determined measurement the hour uptake and the 
rate release from the thyroid gland using in-vivo technique (6). The counting 
all animals was done under ether anesthesia because the irritability many the 
rats with lesions made difficult the usual handling methods. Neck counts were corrected 
for non-thyroidal neck radioactivity subtracting values for neck radioactivity de- 
termined comparable times groups six seven totally thyroidectomized rats. 
Corrections for physical decay radioiodine were made comparing neck counts 
with standard. Serial radioactivity measurements were plotted semi-logarith- 
mie paper, and the rate thyroid release determined calculating the line best 
fit the method least squares. 

Body temperature was measured with thermistor inserted em. into 
the anus for second period. one experiment animals were exposed the cold for 
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three hours. They were moved individual cages the roof the building 
moderately windy day when the ambient temperature was Exposure 
elevated temperature was accomplished one experiment changing the setting the 
animal room thermostat that there was gradual rise room temperature over 
hour period from level 23.5° between 32.8 and 35° (depending the position 
the cage). 

Metabolic rate was measured with small spirometer. Corrections for temperature 
and pressure were made and results expressed ml. per hour per 100 gm. 
body weight. The rats were allowed stay the chamber for minutes before the 
determination and the mean two ten-minute runs were taken the oxygen con- 
sumption the animal. 

the time death the rats series and were perfused via the carotid 
artery abdominal aorta with ml. suspension one part India ink 
(Higgins) two parts distilled water containing two drops concentrated ammo- 
nium hydroxide per 100 ml. (7). Fixation the skull 10% formaldehyde was followed 
decalcification formic acid-formate solution (8), dehydration and embedding 
celloidin. Prior embedding, the skulls rats series and were dissected care- 
fully expose the base the brain and preserve the anatomical relationship be- 
tween median eminence, pituitary stalk and pituitary gland. These structures could 
then examined means dissecting microscope and photographed. After embed- 
ding, coronal serial sections were cut and stained with hematoxylin and 
eosin. The thyroid and adrenal glands were trimmed and weighed the nearest 0.1 mg. 
torsion balance and the gonads 0.01 gm. triple beam balance. 


RESULTS 
The effect hypothalamic lesions upon thyroid uptake and release 


Data are available from total 137 rats (64 control, lesion) pre- 
pared and studied series (Table 1). measured uptake and 
release, thyroid function was significantly less animals with lesions than 


TABLE THE EFFECT HYPOTHALAMIC LESIONS BODY WEIGHT, 24-HOUR THYROID 
UPTAKE, AND THE RATE THYROIDAL RELEASE RATS 


Thyroid uptake Thyroid I"*! release 


Interval 


No. of lesion Administered 


Group 
animals and ob- 
servation, Initial, Final, 


days £m. zm. oy +S.E. 


dose 


Control - 31 23¢ 326 3. 0 
Lesion (anterior) 2 23 308 a 0. 


Control ¢ 266 J 0. 
Lesion (anterior) ; : 2% 287 : 0. 


Control 2% 253 333 9 0. 
Lesion (anterior) 22 . 23¢ 270 


Control (ad-lib fed) 
Lesion (anterior) 
Control (paired) 


309 
273 


305 


328 
20 


ane 
mono 


Lesion (anterior and middle) 
Control (paired) 


Statistical evaluation (P values) 
Lesion vs. Control 
Lesion vs. Control 
Lesion vs. Control 
’ Anterior Lesion vs. Paired Control 
Combined Lesion vs. Paired Control 
Anterior Lesion vs. Combined Lesion 


AAAAAA 


rate 
per day 
% /day +S.E. 
12.6 1.2 
II 13.2 0.9 
9.4 0.7 
Ill 19.5 | 
11.7 1.4 
IV 22.6 0.9 
6.3 0.5 
20.1 1.4 
; 19.9 0.5 
.001 <.02 
I .05 <.01 
<.001 
I\ .001 <.001 
.001 <.001 
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sham operated normal control animals. The degree thyroid inhibi- 
tion was variable individual rats and ranged from perfectly normal 
values for uptake and release almost complete thyroid inhibition (I'*! 
release rate approaching per day, I'*! uptake low the aver- 
age control uptake). This variability was probably consequence the 
heterogeneity size and position the lesions (vide infra). Inhibition was 
more marked animals with two sets lesions (anterior and middle hypo- 
thalamus, Series IV) than those with anterior lesions only (Series 


Hypothalamic lesions and body temperature 


The position lesions which the rat produce thyroid inhibition are 
the medial anterior hypothalamus. Lesions the anatomically close 
preoptic area lead disturbed temperature regulation cats, shown 
the classical studies Ranson and his co-workers (9). important 
therefore determine whether not the rats with lesion-induced thyroid 
inhibition also have disturbed body temperature regulation. 

Measurements were made rectal temperature series rats (Table 
2). Series III readings 76, 77, and days after production the 
lesion were made; the average these was taken the rectal temperature 
each individual rat. Mean rectal temperature for the lesion group was 
significantly higher than for the normals series tempera- 
ture was measured and weeks after production the lesion. Animals 
with double lesions had significantly higher body temperature (1.0 


TABLE 2. BoDY TEMPERATURE IN RATS WITH HYPOTHALAMIC LESIONS 


Body temperature 


No. 76to80days days days days 
Series III 
Lesion 
Control 
Series 
Single Lesion 38.7 39.3 0.2 38.8 0.2 
Paired Control 38:1 38.5 0.2 0.2 
Statistical evaluation values) 
Lesion vs. Control 
Series 
Single Lesion vs. Control 
Double Lesion vs. Control <.01 


Single vs. Double Lesion <.1>.05 >.3 
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1.1° all time intervals. Animals with single lesion had statistically 
significant mean body temperature elevation only weeks after the 
lesion. 

further examination was made the temperature regulatory defect 
rats with lesions from series III exposing them cold and heat. Over 
3-hour period cold exposure mean rectal temperature the normal 
animals rose progressively from 37.7 38.3° only one normal rat was 
there fall body temperature and this was slight (—0.4° C). con- 
trast, the rats with lesions suffered fall body temperature the 
cold ranging from —.2 —2.5° 

gradually increasing room temperature from 23.5° be- 
tween 32.8 and 35.0° over seven-hour period raised body temperature 
both normal and operated rats (Fig. 1). control animals body temper- 
ature rose average 2.4° the face mean ambient temperature 
rise 11.0° The body temperature the rats with lesions was 
normal and their response rising temperature was exactly comparable 
the controls. contrast, initially febrile animals with lesions suffered 
smaller change body temperature but reached maximum temperature 
levels sooner than did normals. Paradoxically, animals with lesions mani- 
fested transient depression body temperature (up 0.8° during the 
warming period. 


Diabetes insipidus rats with hypothalamic damage 


Diabetes insipidus varied severity was produced number rats 
with lesions. Water intake was measured accurately, however, only 


RECTAL TEMPERATURE °C 
RECTAL TEMPERATURE °C 


.\ Range of Controls SND Range of Controls 


Lesion Animals Lesion Animals 


26 28 30 32 34 
ROOM TEMPERATURE °C ROOM TEMPERATURE °C 


Normothermic Initially Hyperthermic 


The course body temperature change rats with hypothalamic lesions 
and normal rats exposed gradually increasing room temperature over 7-hour 
period depicted this figure. Initially and normothermic rats with 
lesions are plotted separately. Each point represents body temperature reading 
specific room temperature for single rat (see text). 


40 
S&S 
e 
e awe. 
. 
37.0 
22 24 
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TABLE METABOLIC RATE RATS WITH HYPOTHALAMIC LESIONS 


mals gm. body error 
Series 
Control (ad-lib fed) 106. 


4.7 

Lesion (anterior) 110.7 4.3 
Series 

Control (ad-lib fed) 125.3 
Lesion (anterior) 130.3 4.6 
Control (paired) 132.6 4.1 
Lesion (Combined anterior and middle hypothalamic) 108.2 5.0 
Control (paired) 117.6 5.4 


series Mean water intake all paired controls measured three occa 
sions was 28.5 ml./day (range ml./day). the animals 
with lesions had mean daily water intake less than ml./day, 


drank between and ml./day, and drank more than ml./day 
(maximum 149.0 ml./day). 


IV. Metabolic rate rats with hypothalamic damage 


The occurrence decreased thyroid activity rats with lesions led 
the consideration that such animals might exhibit abnormally low meta- 
bolic rate. Measurements oxygen consumption were carried out there 
fore series III and series animals (Table 3). Rats were tested ran 


dom distribution. significant abnormalities metabolic rate were 
found. 


Effect hypothalamic lesions gonad and adrenal weight 


Series rats are here considered detail regard adrenal and 
gonad weight (Table 4). Anterior damage only (as the 
“single lesion had effect gonad weight the group 
whole, and only one animals had gonad weight less than the lowest 
control. Damage additional area, 1.3 mm. behind the first, led 
very striking decrease mean gonad weight and the rats prepared 
had gonads that were the size those their paired controls. Only 
one rat this group had normal sized gonads. 


TABLE 4. EFFECT OF HYPOTHALAMIC LESIONS ON GONAD AND ADRENAL WEIGHT 


ui: Body weight Adrenal Adrenal wt. 


Gonad wt. 
(mg. /100 gm. Gonad wt. gm. 
Group body wt.) body wt.) 
gm. gm. mg. +S8.E. +S.E. Gm. +8.E. +S.E. 
single Lesion 14 201 358 42.2 2.5 11.9 0.7 3.51 0.09 1.01 0.05 
‘aired Control 52.2 1.5 13.7 0.4 3.46 0.07 0.91 0.03 
‘ombined Lesion 8 194 388 37.5 6.9 18 be 0.76 0.34 0.16 0.06 
‘aired Control 49.5 4.7 13.1 1.3 3.45 0.15 0.91 
Statistical evaluation (P values) 
ingle lesion vs. paired control <.001 >.8 <.1>.05 
ombined lesion vs. paired control >.2 <.01 <.001 <.001 
ingle vs. combined lesion >.4 <.01 <.001 <.001 
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The adrenal glands also were affected the lesions. This true for 
animals with single lesions when compared both absolute basis and 
relation body weight, and was statistically significant doubly operated 
animals when compared relative body weight. When adrenal weights 
individual pairs were compared, was noted that marked adrenal atrophy 
had been produced only three animals (26.1 vs. 48.8 mg., 23.6 vs. 61.8 
mg., 8.6 vs. 55.5 mg.). These animals were the doubly operated group 
and had severe damage the pituitary stalk primary plexus (vide infra). 
Two the doubly operated animals had adrenal weights higher than the 
highest normal value. Both animals had severe diabetes insipidus; 
pointed out McCann and Brobeck (10), this common association. 


VI. Growth 


Growth was measured total rat pairs (Tables Fig. 2), using 
two 20-day reference periods, the first beginning days and the second 
days after operation. Tibial size was 
determined death 114 117 days 
after production the lesion. Data 
are not complete for several the 

rat pairs. 

Mean daily weight gain was sig- 
nificantly less rats with anterior 
hypothalamic lesions than their 
paired controls despite the fact that 
control animals actually ate slightly 
less food per day than did rats with 
lesions (Table 5). This difference 
most clearly shown calculating 
weight gain per 100 gm. food in- 
take. 

extensive hypothalamic 
damage, produced double le- 
sions, was followed weight re- 
sponse different from that rats 
with anterior lesions only. part 
least this was due the associated 
hyperphagia. During the first peri- 
the animals gained weight 

rat with anterior rapidly control animals, and the 
and middle hypothalamic damage (on period even more rapidly. 


right) and sham operated control animal. 
first period normal weight gain 


and more tail, and shorter nose maintained abnormally high 
tail and nose rump length the rat with food consumption, but the second 
the lesion, well the marked obesity. period rats with 
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gained more weight relative food intake than did normals. 

Lesion-induced growth disturbance was more clearly demonstrated 
measurements nose-tail lengthening. Linear change was significantly re- 
duced rats with either single double lesions, and those with double 
lesions much greater degree. Growth was less doubly operated ani- 
mals despite greatly increased food intake and gain body weight. With 
combined lesions, number animals became obese hypogonadal dwarfs 
(Fig. 2). indicated tibial size (Table 6), growth the long bones was 
also affected hypothalamic destruction. Deficient tibial lengthening was 
more marked doubly operated animals. 

The possibility was considered that absorptive defect accounted for 
the abnormally low utilization food for growth rats with lesions. Fecal 
weight measured over 3-day period was compared with the food intake 
this interval. Normal animals and those with lesions all excreted dry fecal 
mass equal between 22.0% and 26.2% the daily food intake. 


VII. Neuroanatomical correlations 


Series III and brains were studied detail, the papers Gurdjian 
(11) and Krieg (12) being used guide the anatomy the hypo- 
thalamus. The location lesions series mentioned elsewhere (5). 

Hypophysial-portal vessels the India-ink injected brains were ex- 
amined under stereoscopic microscope after the decalcified skull had been 


‘dissected away. Preparations this type give clear indication the in- 


tegrity disorganization the vasculature the stalk and infundibulum. 
Forty brains were further studied serial frontal sections and lesions 
plotted characteristic planes obtained from tracings series normal 
brains. addition outlining the general hypothalamic location involved, 
damage the pituitary blood supply and certain specified nuclei and 
tracts was also noted. 

Thyroid function and body temperature. Characteristic each the 
rats with thyroid inhibition was midline lesion that involved the hypo- 
thalamus between the paraventricular nucleus and the anterior limit 
the infundibulum. Added damage the infundibular region caused 
even greater reduction thyroid activity; the lowest uptakes were 
observed rats with almost complete destruction the tuberal portion 
the hypothalamus. Thyroid function was normal rats with lesions. 
One only had extensive lesion between the paraventricular nucleus and 
the infundibulum while this region was either spared only slightly in- 
volved the others. Abnormal thyroid function can occur with normal 
primary portal plexus when the following paired structures are intact: 
fornix, mammillo-thalamic tract, suprachiasmatic, paraventricular, supra- 
optic, ventromedial, arcuate and mammillary nuclei. Normal thyroid func- 
tion occurred individual rats despite the bilateral destruction one 
more the following: fornix, anterior commissure, anterior periventricular 


q 
3 
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fibers and the supra-chiasmatic, paraventricular, pre-optic, arcuate and 
septal nuclei. 

The lesions Series III were smaller than those Series and per- 
mitted more accurate separation areas involved temperature and 
thyroid regulation (Fig. 3). Five rats had fever and normal thyroid 
tion; common all was destruction midline structures the pre-optic 
area. contrast, this area was uninvolved the rats with normal 
temperature and abnormal thyroid function. The temperature the eighth 
rat was only 0.1° above that the highest the control animals; 
likely that this animal was not significantly febrile. Three rats series III 


Fig. thyroid- and tem- 
perature-regulating areas the rat hypo- 
thalamus based studies rats 
Series III. The stippled region illustrated 
projections mid-sagittal section and 
the ventral surface the area de- 
struction common all five the rats 
who manifested fever with normal 
thyroid release rate. The 
gion the area destruction common 
all rats whose thyroid release rate 
was low but whose body temperature was 
normal. The two areas, though separate, 
partly overlap. Abbreviations: A.C., an- 
terior commissure; Fx, fornix; Inf., infun- 
M.B., mammillary body; M.T., mammillo- 
tract; P.O., pre-optic nucleus; 
P.P., primary plexus hypophysial-portal 
vessels; P.V., 
V.M., ventromedial nucleus. The shaded 
area representes the outline the third 


had both thyroid inhibition and fever, and these animals pre-optic and 
paraventricular areas were simultaneously involved. thus apparent 
that the heat regulating area separate from the thyroid regulating area, 
and that these regions are close together overlapping. 

series animals had chronic fever. Nine had extensive pre- 
optic damage. The tenth had damage, but had lateral hypo- 
damage the tuberal plane, area shown Ranson the 
location descending heat regulating fibers (9). 

Gonad atrophy. Common all rats with gonadal atrophy was de- 


struction the anterior portion the infundibulum with slight marked 
vessel damage. 
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Diabetes insipidus. Although some degree diabetes insipidus oc- 
curred animals, only was there even slight direct damage the 
main body the supra-optic nucleus. All had some degree paraven- 
tricular damage. the majority instances diabetes insipidus was 
brought about injury the supraoptico-hypophysial tract just anterior 
the infundibulum. 

Abnormal growth. The brains rats from series were available 
for study. this group grew more slowly than their paired controls; 
the 20, had completely normal portal vessels, had slight damage the 
anterior portion the primary plexus and had extensive portal vessel 
stalk damage. The most severely retarded growth was noted rats with 
the greatest degree primary plexus stalk damage. The lesions used 
this series were too large permit any significant localization growth- 
affecting structures; the most severe disturbance, however, occurred rats 
with damage the tuberal region. All rats with severe anterior infundibu- 
lar damage had diabetes insipidus and gonad atrophy and was this group 
that showed the most striking growth retardation. 


DISCUSSION 


this study anterior hypothalamic lesions the rat were found re- 
duce the activity the thyroid gland, measured uptake and re- 
methods. Similar observations have been made others the rat 
(1, 13, 14, 15) and the dog (16). The effect lesions thyroid function 
similar that produced section the pituitary stalk the rabbit (17). 
common with stalk section, hypothalamic injury induces degree 
thyroid functional inhibition values intermediate between those nor- 
mal and hypophysectomized animals. Mean release rate the four 
series animals this experiment was between 5.1 and 12.6% per day. 
contrast, hypophysectomy reduces release rate every rat less 
than per day (unpublished observations). The change thyroid func- 
tion after brain damage was shown independent non-specific effects 
nutrition, for rats with lesions had less active thyroid glands than con- 
trols taking equal smaller amounts food. Non-specific changes due 
disturbed pituitary blood supply were also excluded cause thyroid 
inhibition demonstrating intact hypophysial-portal vessels many 
individual rats with much reduced I'*! uptake and release rate. 

The hypothalamic region involved thyroid regulation appears from 
this study lie the anterior hypothalamus the midline between the 
paraventricular nucleus and the infundibulum. Inhibitory effects are 
greater when larger, somewhat more posteriorly placed lesions are present. 
Thyroid regulating function the hypothalamus has been localized this 
general region studies based ablations the rat (1, 14, 18, 19, 20, 21) 
dog (16), and guinea pig (22) and stimulation experiments the rabbit 
(3). More specific localization between paraventricular nucleus and median 
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eminence was suggested Florsheim (14), Greer and Erwin (19) and 
Ganong al. (16). the studies Harris and Woods (3) the location 
the electrode tip which gave thyroid activation upon stimulation was also 
the anterior portion the median eminence. Further evidence for speci- 
ficity thyroid regulating area the lack effect thyroid function 
isolated damage either the ventromedial (23) paraventricular nuclei 
(24). 

The localization thyroid regulating area the anterior hypothala- 
mus particular interest when considered relation temperature 
controlling functions. this study, temperature regulating area has been 
demonstrated the rat the region between the anterior com- 
missure and the optic chiasm position corresponding similarly de- 
scribed areas the cat (9) and goat (25, 26). Neuroanatomical and physio- 
data indicate that the thyroid regulating region distinct from that 
for temperature regulation; they partially overlap, however. at- 
tractive hypothesis that this general area serves integrate short term 
heat loss, heat conservation and heat mobilization reactions with long term 
metabolic control the pituitary-thyroid axis. 

Consideration must given the mechanism which the hypothala- 
mus influences thyroid function. From classical observations pituitary- 
thyroid interrelations and from studies described detail D’Angelo 
(1) has appeared reasonable conclude that the changes are due 
altered thyrotrophic function the anterior pituitary gland. Still uncer- 
tain, however, the way which these changes pituitary function are 
produced. One hypothesis explain the effect hypothalamic lesions 
pituitary stalk section that hypothalamic neurohumoral substances 
with TSH releasing properties reach the anterior pituitary way the 
hypophysial-portal vessels (17). Controversy surrounds the question 
neurohypophysial origin for this material association with the anti- 
diuretic hormone. has been reported that median eminence extracts 
Pitressin cause thyroid activation the rat (27, 28, 29), dog (30) and rab- 
bit (31), and rabbits electrical stimulation the anterior hypothalamus 
region close the supra-optic hypophysial tract causes TSH release 
(3). the present study, however, thyroid inhibition occurred whether 
not diabetes insipidus was present after injury. Further evi- 
dence that the posterior lobe not involved thyroid regulation the 
demonstration that Pitressin amounts 2000 mv. daily oxytocin 
amounts 932 mv. per day have been found exert effect 
thyroid release the rat (6, 32). 

this experiment rats with lesions were found grow 
‘ess well than normal animals. These animals utilized food poorly for weight 
zain, and many instances had markedly reduced linear and long bone 
zrowth despite adequate food intake. This observation supports with more 
gathered data the impressions previously gained Bogda- 
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nove and Lipner (33) and Kennedy (34) experiments the rat. The 
major question raised these findings whether not they are evidence 
hypothalamic function for the regulation growth hormone. 
This question cannot answered with certainty because the other vis- 
ceral disturbances that follow hypothalamic destruction. addition any 
specific effects growth hormone regulation, indirect effects growth 
may exerted through lesion-induced thyroid inhibition, gonadal atrophy, 
adrenal cortical dysfunction, chronic fever, diabetes insipidus disturbed 
pituitary blood supply. Moreover, these abnormalities may exert addi- 
tive effect growth. not likely that reduced thyroid function was the 
major cause poor growth these animals, since the occurrence slow 
release rate and impaired growth was not significantly correlated. Gon- 
adal deficiency can also excluded the cause poor growth these 
animals reference Scow’s studies; male Holtzman rats slowing 
growth was not apparent for least days after gonadectomy and even 
after days the difference from the normal was only 14% (35). Adrenal 
cortical dysfunction possible cause growth disturbance after pro- 
duction hypothalamic lesions. Median eminence destruction interferes 
with ACTH release (36) and adrenal insufficiency followed poor 
growth (37). view the substantial size the adrenals found these 
animals (Table adrenal insufficiency probably not significant factor 
these experiments. 

Abnormal blood supply cause pituitary growth hormone disturb- 
ance requires close consideration. the material studied only slight 
growth failure occurred animals with intact hypophysial-portal vessels. 
the other hand, considerable damage portal vessels the pituitary 
stalk was observed all animals with substantial growth reduction, al- 
though the pituitary proper showed excellent vascularization after India- 
ink perfusion. Gross circulatory impairment the pituitary was not pres- 
ent these animals but the changes the primary portal plexus may have 
interfered with pituitary blood flow rate with neurohumoral 
transfer. 

With regard the relationship between neurohypophysial function and 
growth little known. Del Vecchio al. (38) indicate that large doses 
Pitressin cause increase tibial cartilage width rats, and give reasons 
for concluding that this due specific effect growth hormone release. 
the present experiment fair correlation existed between the severity 
diabetes insipidus and growth disturbance; would appear reasonable 
investigate further the relation between supraoptico-hypophysial function 
and growth. Animals with severe diabetes insipidus uncontrolled re- 
placement therapy are under considerable stress, indicated adrenal 
gland hypertrophy and poor general appearance. These non-specific factors 
musi also considered relation growth disturbance. There pres- 
ent direct evidence that growth hormone secretion regulated the 
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ypothalamus. suggestive study (39) rats with lesions 

eveloped insulin sensitivity, abnormality corrected the administra- 

growth hormone but not adrenal steroids. More definitive proof 

iat the growth abnormalities seen rats with extensive lesions the 

due growth hormone deficiency will require 
investigation. 
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DIPHENYLHYDANTOIN AND THE RELEASE 
ADRENOCORTICOTROPIC HORMONE THE 
ALBINO 


Department Pharmacology, Yale School Medicine, New Haven, Connecticut 


ABSTRACT 

Rats, treated with diphenylhydantoin (Dilantin, 100 mg./kg.) fail show 
the expected depletion adrenal acid following unilateral adrenalec- 
tomy, intravenous Vasopressin, subcutaneous epinephrine intraperitoneal 
histamine. This blockade seems occur two stages, initial phase presum- 
ably central which the adrenal cortex maintains its ability respond 
normal manner (by depletion ascorbic acid) exogenous corticotropin; and 
later second phase which there reduction the responsiveness the 
adrenal itself exogenous corticotropin. 


therapeutic use diphenylhydantoin (Dilantin) humans has 
been shown result marked decrease the urinary excretion 
17-ketosteroids and glucocorticoids (Costa, Glaser and (1)). 
Bray, Ely and Kelley (2) found that children treated with diphenylhy- 
dantoin for convulsive disorders exhibited smaller increase plasma 17- 
hydroxycorticosteroids response test dose international units 
corticotropin given intramuscularly, than did normal children, 
children without treatment when treated with some other anti- 
convulsive agent. The authors concluded that these observations suggested 
that Dilantin therapy the epileptic child produced degree 
adrenal cortical unresponsiveness. 
The data presented this paper describe the inhibitory action di- 
phenylhydantoin rats upon the response the pituitary-adrenal system 
number stimuli known cause reduction adrenal ascorbic acid. 
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chronic administration the drug appears lead decrease the 
sensitivity the adrenal cortex exogenously administered ACTH. 


MATERIALS AND METHODS 


Male rats, Sprague-Dawley strain gm.), groups ten more uni- 
form weight, were the experimental animals. Adrenal ascorbic acid was determined 
the method Roe and Keuther (3), and adrenal cholesterol the method Sperry 
and Schonheimer (4). 

Adrenal glands were removed, stripped adhering tissue, and weighed the near- 
est 0.01 mg. Roller-Smith torsion balance, extracted grinding tubes containing 
trichloroacetic acid. Aliquots the supernatant after centrifugation were taken for 
ascorbic acid estimation, and the dried residues used for cholesterol determinations. 

Aqueous diphenylhydantoin solutions (1%) were prepared every other day, 
quantity alkali being added give clear solution having and kept 
under refrigeration. Injections diphenylhydantoin 100 mg./kg. i.p. every twelve 
hours for number days were found effective altering the response the 
adrenals standard testing procedures, while injections saline the same for 
the same time were without effect. 

Tests the functional integrity the system 

Unilateral adrenalectomy. After administration anesthetic dose mg./100 
gm.) pentobarbital, one adrenal gland, the control gland, was removed, and hour 
allowed elapse before removing the second gland. The normal animal with func- 
tionally intact pituitary-adrenal system will respond this procedure with decrease 
adrenal acid. 

Substances which cause adrenal ascorbic acid depletion. Among the many substances 
known cause ascorbic acid depletion intact normal animals, intravenous Vasopres- 
sin, intraperitoneal histamine and subcutaneous epinephrine have been used 
testing agents. this study, these agents were administered the routes indicated, 
and one hour later the adrenal glands were removed for analysis. 

The effect corticotropin. determine whether effects had been produced direct- 
upon the adrenal cortices, threshold doses corticotropin were given intravenously, 
and one hour later the adrenal glands were taken for analysis. 

Statistical the results was carried out applying Student’s test for signifi- 
(5). Data are presented the form bar graphs with the standard errors indi- 


RESULTS 


(a) The effect treatment with diphenylhydantoin upon the response 
unilateral adrenalectomy. Animals treated with diphenylhydantoin (100 
mg./kg.) twice daily for three weeks were subjected unilateral adrenalec- 
tomy. the control group there was significant reduction 
acid the second gland <0.001), while change occurred 
the diphenylhydantoin treated group; also the adrenal acid the 
animals which received diphenylhydantoin was observed.to equal 
that the resting levels the untreated animals. 

second group animals treated with the same doses 
hydantoin for period one week were subjected the same 
(Fig. 1). the previous experiment, significant change 


— 


q 
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adrenal acid the treated group contrast the depletion 
the control group. 

third group animals was treated for two days (four doses) and then 
the same operative procedure. Again, the response unilat- 
‘ral adrenalectomy the treated group failed occur (Fig. 2). 

The effect single dose 100 mg./kg. diphenylhydantoin adminis- 
ered one hour before subjecting the animals unilateral adrenalectomy 
vas examined, and while was found that significant reduction 


500 500 
300 300 
100 
100 
Cc; Co T2 Ca 


ectomy upon the adrenal acid 
content animals treated with diphenyl- 


The effect unilateral adrenal- 
ectomy upon the adrenal acid con- 
tent animals treated with diphenyl- 


hydantoin for one week. and for two days. and C.=the 
acid level the Ist and acid level the first and second 
adrenal glands control animals; glands the control group; 
the same levels treated animals. are the levels the treated group. 
while the difference between the difference between and 
differ from from 


acid occurred the second gland, the control adrenal ascorbic 
acid levels were lower than usual. However, hours were allowed 
elapse after the administration the drug, the resting control levels 
acid were found the normal range, and significant dim- 
inution was seen following unilateral adrenalectomy (Table 1). 

The possibility delayed response the diphenylhydantoin treated 
animals was studied subjecting two-day treated animals unilateral 
idrenalectomy and allowing and hours elapse before removing 
‘he second adrenal. was found that the acid levels were the same 
the first and second glands each the times examined. 

definite hypertrophy the adrenal gland was regularly seen chronic 
diphenylhydantoin, has been reported others (6, 
the present series experiments was found that after one week 
treatment the gland size had increased some 30%, and after three weeks 


Volume 


TABLE THE EFFECT UNILATERAL ADRENALECTOMY UPON THE ASCORBIC ACID LEVEL 
THE REMAINING ADRENAL EXAMINED ONE HOUR LATER, RATS TREATED WITH 
SINGLE DOSE 100 MG./KG. DIPHENYLHYDANTOIN TWENTY-FOUR HOURS 
PREVIOUSLY 


Control animals Treated animals 


Ist gland 2nd gland 


Ist gland 2nd gland 


433 320 542 494 
452 341 558 563 
467 315 470 400 
565 426 447 505 
508 402 506 390 
401 302 591 416 
420 341 431 404 
425 288 489 500 


490 348 521 482 
506 


+17.53 


treatment about 60% (see Table 2). comparison the dry 
weights these enlarged glands, and those the control glands show the 
enlargement the result increase tissue, the water content 
each group being the same, viz. 30-33%. 

(b) Duration blockade after cessation treatment with diphenylhy- 

Groups animals treated with diphenylhydantoin either for two days, 
for week, were examined various intervals time following the 
cessation treatment determine whether return the norma! re- 
sponse unilateral adrenalectomy occurred. After two days treatment, 
some hours were required before all the animals responded normal 
manner, while after one week’s treatment between seven and ten days 
were required before all animals the group responded. 

Cholesterol content the adrenal glands diphenylhydantoin treated 
animals. The cholesterol content the adrenal glands was determined 
number instances, however, the most complete series was carried out 
TABLE MEAN ADRENAL WEIGHTS RATS TREATED WITH DIPHENYLHYDANTOIN 


(100 MG./KG. INTRAPERITONEALLY COMPARED WITH THOSE UNTREATED 
CONTROL ANIMALS THE SAME BODY WEIGHT 


Group Number Number Right adrenal, Left adrenal, 
Doses animals mg. mg. 
Control 
Treated 


Control 


t 
xX 
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animals after treatment for one week. The resting values were found 
mg. adrenal gland, which within normal limits. 
significant alterations were observed the cholesterol content the adre- 
ials result unilateral adrenalectomy one hour’s duration. 

(d) The response diphenylhydantoin treated animals agents known 
adrenal ascorbic acid depletion. Animals treated for two days the 
manner were tested with the following agents: histamine phosphate 
mg./100 gm. i.p., Vasopressin 0.08 gm. i.v., and epinephrine 


The effect Vasopressin 0.08 


nits/100 gm. i.v., epinephrine 
ate 0.60 gm. s.c., and histamine 400 
0.85 mg./100 i.p. upon 
adrenal ascorbie acid content control 3°° 
and diphenylhydantoin treated rats (two 
responded with significant depletion 100 
the acid content, while the levels 


H 


gm. s.c. Figure presents the results obtained, and 
clearly indicates that the normally expected depletion adrenal ascorbic 
acid following each these substances failed occur the diphenyl- 
hydantoin treated group. Similar results were obtained with animals which 
had undergone one week treatment. 

(e) The effect exogenous corticotropin. Large doses unit Armour) 
corticotropin were administered intraperitoneally animals treated for 
one and three weeks with diphenylhydantoin, and while there was sig- 
nificant reduction adrenal acid levels, this depletion was not 
marked that the control animals. 

Threshold intravenous doses corticotropin gm.) were ad- 
ministered groups animals treated for either two days one week 
with diphenylhydantoin. shown Figure the same degree ascorbic 
acid depletion was found the untreated and two day treated groups. 
the other hand, animals treated for one week prior testing with 
ACTH/100 gm. showed adrenal acid levels which did not differ 
significantly from control levels (Fig. 5). The difference between the 
values for these two groups and that the untreated group given cor- 
highly significant (P=0.01). similar finding was obtained 
when animals treated for one week with diphenylhydantoin were given 
corticotropin/100 gm. intravenously (Fig. 6). 


DISCUSSION 


Rats treated with diphenylhydantoin (100 mg./kg.) either single 
‘ose repeated doses fail exhibit the adrenal ascorbic acid depleting 
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effect unilateral adrenalectomy, intravenous Vasopressin, 
epinephrine and intraperitoneal histamine (9). This interference with the 
normal response probably dependent upon some alteration pituitary- 
hypothalamic function, since early the course treatment the 
cortex remains fully responsive exogenous corticotropin. However, 
treatment with diphenylhydantoin continued for week more de- 
crease the responsiveness the adrenal cortex itself exogenous corti- 


ACTH ACTH ACTH ACTH 


gm. given intravenously, upon 
the adrenal acid level control 
and diphenylhydantoin treated rats 
days). C=control resting ascorbic acid level 
adrenal, C/ACTH and T/ACTH =the 
adrenal acid levels control and 
treated groups one hour after ACTH. 

tween C/ACTH and T/ACTH, but both 
differ from significantly approx. 0.01). 


corticotrophin given intravenously upon 
the adrenal acid level 
and treated rats 
week). C=control resting 
level, C/ACTH and T/ACTH =the adre- 
nal acid level hour after ACTH 
untreated and treated rats, respectively. 
C/ACTH differs significantly from and 
T/ACTH (P=0.01), while and 
T/ACTH not differ significantly. 


cotropin becomes evident. The changes induced are not permanent, far 
has been determined, normal responsiveness the cortex re- 
turning after treatment stopped. 

the substances other than the adrenal steroids reported inhibit the 
normal response the adrenal gland variety noxious stimuli, mor 
phine and amphenone have probably been the most extensively studied 
the case morphine (10) the observations suggest that the 
produced the pituitary-hypothalamic region some other site 
the central nervous system; however, studies have been reported wit! 
administration the drug continued for more than one week. The adrena 
ascorbic acid levels have been reported essentially normal but 
ports concerning adrenal cholesterol levels are available. amphenone 
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blockade (11) the resting levels adrenal acid are lower 
han normal and further depressed exposure cold, while the choles- 
erol values are greatly increased and are not apparently affected the 
xposure cold manner parallel the adrenal ascorbic acid. These 
ndings are contrast those the diphenylhydantoin induced block, 
both the cholesterol and ascorbic acid levels are normal and appear 
unaffected any stress. 

seeking explanation for the block caused diphenylhydantoin, 
onsideration must given the possibility the persistence ele- 


500 
\CTH upon the adrenal ascorbic acid 
control rats and rats treated for 
one week with diphenylhydantoin. con- 

adrenal acid resting level, 39° 
and T/ACTH the adrenal as- 
acid level hour after ACTH. 
C/ACTH differs significantly from 

ACTH not differ significantly. 

ACTH ACTH 


vated cortical hormone level the blood the treated animls for num- 
ber hours after treatment. true that the human studies (1) in- 
crease urinary corticoids was noted briefly after initiating course 
treatment with diphenylhydantoin. these results are applicable the 
rat the initial blockade might considered steroid induced. The re- 
size the thymi, the disappearance most the eosinophiles 
from the blood, and the adrenal hypertrophy the treated rats lend addi- 
tional support the concept that the blockade the result increased 
secretion cortical hormones the animals response drug treat- 
ment. However, the continued interference with the normal responsiveness 
noxious stimuli and the subsequent refractoriness the adrenals 
exogenous ACTH should also considered, conjunction with the re- 
duced corticoid excretion seen humans the administration di- 
phenylhydantoin continued. the other hand, adrenal hypertrophy 
usually considered indicative elevated ACTH levels, while 
atrophy associated with excess steroid. 
Measurements the steroids the blood animals treated with dilan- 
have not yet been made, and seems probable that the true explana- 
for the apparent blockade can only settled when the results such 
become available. Whether there will found any 


7 


great increase blood steroid levels questionable view the normal 
adrenal acid levels (in contrast the elevated acid 
levels which have observed after cortisol, i.e., average 620 ug./100 
mg. adrenal ten animals six hours after mg. hydrocortisone subcu- 
taneously), and also the observation Bray al. (2) that cortisol levels 
the blood normal children and epileptic children under chronic medi- 
cation with diphenylhydantoin differed very slightly (normal 
epileptic group 11.2 Probably studies daily urinary 
steroid excretion coupled with the blood levels would greatest value 
providing understanding these phenomena. 

appears from the work reported here that reliance upon changes 
the adrenal ascorbic acid indication response stress can 
misleading. Some these same questions raised above might asked 
relation the failure the adrenal ascorbic acid depleting response 
one more test stimuli following the administration substances like 
morphine. Particular attention should given morphine for 
known (12) cause adrenal hypertrophy chronic medication also 
does atropine (13). Morphine (10), atropine (14) and dibenzyline (15) 
have been reported block the response the adrenal one more test 
stimuli. 

The change the adrenal cortex that takes place after some days 
treatment with diphenylhydantoin rendering less susceptible the 
effect ACTH interest and requires further investigatoin. Attempts 
mimic this effect treating rats daily for one week with units 
ACTH, failed produce animal incapable responding the usual 
manner the test procedure. 

number other anticonvulsant drugs, 
hydantoin (Mesantoin®); 5-ethyl-5-phenyl acid (phenobarbi- 
3,5,5,-trimethyl-2-4-oxazolidine dione (Trimethadione®); 
oxazolidine-2-4-dione phenylacetylurea (Phenurone®); Ro-2- 
4523 and Ro-2-3059 were examined for their effect the acid 
depletion test; doses ranged from those reported anticonvulsant 
those that produced signs neurotoxicity (ataxia, sleepiness, and 
the dose repeated three four times during two days, after which 
hours was allowed elapse before testing the ability the adrenal 
respond unilateral adrenalectomy. instance was indication 
blockade observed. 
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INDUCED AND SPONTANEOUS THYROID CANCER 
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ABSTRACT 


Twenty-four 12% 204 hamsters fed iodine deficient diet rice and- 
carrots developed thyroid cancer with metastases lymph nodes lungs. 
additional 28% had probable cancer and 121 59% had thyroid hyper- 
plasia. Histologically, the cancers were follicular adenocarcinomas. For the most 
part, they were well differentiated preclude definite diagnosis can- 
cer the absence metastases. The well differentiated, metastatic cancers are 
comparable the man. The neoplastic changes 
the thyroid gland were diffuse, suggesting TSH stimulation. 

The findings were confirmed second experiment using hamsters from 
different source. However, metastatic thyroid cancer was found only females 
this experiment. This could result fortuitous selection manifesta- 
tion genetic differences. 

other experiments, spontaneous thyroid cancer was found 1.5% 
523 hamsters surviving 181 days longer diet Purina Laboratory 
Chow. The cancers were two histologic types, papillary and follicular adeno- 
carcinoma and spindle cell carcinoma. Lymph node metastases were found. The 
spindle cell type was the more frequent and particular interest because 
the presence nuclear inclusions the spindle cells. Areas the thyroid not 
involved with cancer were normal histologically. This suggests etiologic 
mechanism other than that TSH stimulation. 


experiments herein reported show that thyroid cancer develops 


hamsters fed iodine deficient diet consisting rice and carrots. 


The tumors will described and compared with the different types 
thyroid cancer which occur spontaneously this species. Most the find- 


ings were incidentally observed experiments designed test human 
bile for carcinogenic activity (1-3). 


MATERIALS AND METHODS 


Induced Tumors: Animals used the induced thyroid cancer studies were obtained 


from two commercial sources. this first experiment, previously reported part (4), 
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TABLE CONTENT RICE AND CARROT DIET 


Date Rice Carrots 
10/2/57 0.058 0.156 
8/11/58 0.234 
1/23/59 

Mean 0.144 0.056 


male and female young adult hamsters were obtained from Tumblebrook Farms, 
Chesterton, New York. Prior initiation the experiment, the hamsters were fed 
Purina Laboratory Chow and water libitum, with supplements sunflower seeds 
and earrots for days. They were then grouped that the same sex were housed 
together steel cage with wire bottom. this time, the animals weighed about 
em. The diet was changed that consisted only unmeasured amount un- 
polished brown rice with approximately gm. fresh carrot per animal daily sup- 
plement. Tap water was given libitum. 

rice and diet was chosen because its ability increase the susceptibility 
rats some liver carcinogens (5). the time, were evaluating the carcinogenicity 
human bile and seemed reasonable utilize this diet for some our studies. After 
number thyroid abnormalities had been observed, dietary iodine values were ob- 
tained. Three sample analyses gave consistently low values (Table 1). All iodine estima- 
tions were made the method Bodansky al. (6). 

Sixty-one the animals available for examination were injected with human bile. 
Details concerning administration the bile are not included, for the observed thyroid 
abnormalities were (Table 2). The animals were allowed live out 
their life span were sacrificed when moribund. Nineteen the animals were autolysed 
partially eaten when found and are omitted. studies were made tissues 
stained with hematoxylin and eosin. 

second similar experiment was carried out larger group animals obtained 
from different breeder, namely, the Lakeview Hamster Colony, Newfield, New Jersey. 
Initial animal weights, maintenance and diet were essentially those described for the 
previous experiment except that pure bile salts saline solution were administered 
many animals. shown Table this treatment did not appear affect the develop- 
ment thyroid abnormalities. 

Spontaneous Cancer: Cancer the thyroid gland was one variety spontaneous 


TABLE THYROID PATHOLOGY HAMSTERS FED RICE AND CARROT DIET (EXPER. 


Test material | Cancer with metastases | Probable cancer Hyperpiasia 


G | Amount! Males | Females | Males | Females | Males | Females 
Type | Time? | No. Days*) No. Days?) No. No. Days*) No. Days) No. Days? 
| (days) | 
| | | | 
disease) 263 | | | 
Bile 163 ce. 
3 | (malignant — — | 0 0 —_ rf 316 | 7 523 8 296 | 10 282 
4 


| (431-674)4 | (101-712)4 (330-785)* | (36-725) 


(42-688)4 


1 Mean amount of bile injected. 
2 Mean number of days during whiich bile injected. 

3’ Mean number of days during which the hamsters were fed a rice and carrot diet. 
4 Range of the values of No. 3. 


TABLE THYROID PATHOLOGY 204 HAMSTERS FED RICE AND CARROT DIET (EXPER. 


Test materia! Cancer with metastases Probable cancer Hyperplasia 
G Amount! | Males | Females Males | Females Males | Females 
Type Time? | No. Days?) No. Days?) No. Days*| No. Days*; No. No. Days’ 
(days) | 
1 0 2 552 1 479 2 574 3 579 | 17 476 | 6 341 


Saline 625 


Sodium 
Cholate 


Sodium 205.5 meg. | 
4 Glycocholate 1 801 0 
| 183 


637 5 415 | 4 613 6 456 


Sodium 


170.5 mg. 
Taurocholate 


on 
te 
te 


618 3 550 | 4 413 4 384 6 404 
188 


Sodium 243 mg. 
6 Glycodesoxy- -—— 5 598 | 3 504 5 347 | 4 561 8 304 10 420 
cholate 299 | 


Sodium 246 me. | 
7 Taurodesoxy- - - 0 za es 427 7 482 1 594 | 10 384 (10 383 
cholate 247 | 
(473-801)4 | (218-768): 


| (198-846)* (161-728)* | (154-814): | 


1 Mean amount of test material administered. 
2 Mean number of days during which materials given. 

3 Mean number of days during which the hamsters were fed a rice and carrot diet, 
4 Range for the values of no. 3. 


5 Two additional females dying after 65 and 115 days on the diet had normal thyroid glands. 


tumors which were found group 620 Syrian hamsters (7, 8). These animals were 
obtained weanlings from the same source that for the second experiment. Their 
diet consisted Purina Laboratory Chow which according the manufacturer has 
iodine concentration 200 Water was given libitum. 

The hamsters were subjected variety experimental conditions. One hundred 
and sixty animals served untreated controls; 120 received subcutaneously injected 
bile obtained from patients with cancer the extrahepatic biliary tract; 340 hamsters 
were treated controls and were injected with bile obtained from patients with non- 
malignant biliary tract disease, sodium deoxycholate solution, distilled water, saline- 
bicarbonate solution, sesame oil cholesterol sesame oil. The animals were treated 
times weekly for many months. They were allowed live out their life span. 


RESULTS 


Induced Tumors: The appearance hamsters fed the rice and carrot 
diet differed markedly from that characteristic animals fed balanced 
diet. The fur was thin and light tan color. Mild and long toenails 
were present. The skin was soft and velvet-like texture. Body fat was 
minimal. general, the viscera were small and the intestine translucent. 
The skeleton was extremely fragile. One hundred hamsters the first 
experiment survived mean 441 days. Males survived mean 406 
days (range: and the females mean 474 days (range: 
death, body weight had decreased from initial weight about 


gm. mean about gm. Study the thyroid gland was possible 
the 100 animals (Table 2). 


4 
126 cc. | 
2 ee 4 558 5 522 | 9 389 | 11 448 
236 | | 
255.3 mg. | 
3 0 — 0 3 487 6 266 «10 479 10 4735 
235 
| 
| 
| 
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Changes the thyroid were progressive for the first 300 days. Grossly, 
the glands were red-brown and symmetrically enlarged (Fig. 1). With 
iging the animal, nodularity was noted with increasing frequency. 
the earliest change was one hyperplasia. This was 
uniform increase height the follicular epithelium 
ind symmetrical enlargement the follicles (cf. Figs. and 3). With 
age, variation the size and shape the follicles and small 
projections were noted. localized areas, collections follicles 
leveloped which were characterized lack uniformity size and 
shape. Some were markedly dilated and with flattened epithelium; 
others, papillary projections were prominent. nuclei 
were found the cells some follicles. 

Nine 18% females had thyroid cancer with metastases (Fig. 4). 
Pulmonary metastases were grossly apparent additional females 
were found have metastases routine microscopical examination 
selected portions each pulmonary lobe. all instances, the metastases 
were located near the periphery the lung. Metastases involving only 
the cervical lymph nodes were found animal. None the males dem- 
onstrated thyroid cancer with metastases. 

Histologically, neither the thyroid gland nor the metastases had that de- 
gree atypia conventionally associated with can- 
cerous changes (Figs. 6). The changes were the type usually seen 
metastasizing struma. The metastases were all the follicular type 
carcinoma; papillary formations were seen outside the thyroid gland. 
the thyroid itself, papillary projections were seen but these were di- 
minutive and the type seen hyperplasia. Because this lack ana- 
plasia, diagnosis cancer was made only when metastases could 
found. the absence metastases, comparable thyroidal changes were 
classified probable cancer. Such lesions showed more cellular atypia 
than those called hyperplasia. 

the second experiment, 102 males survived from 154 846 days and 
102 females survived from 828 days the rice and carrot diet. 
additional animals, dying within the first days the diet, were not 
used. These animals did not adapt the diet and seemed die starva- 

The thyroid glands were greatly enlarged. Fifty-one male hamsters 
surviving from 467 846 days the experimental diet had thyroids with 
weight 160 mg. (range: mg.). Forty-six female hamsters 
surviving from 231 828 days had thyroids with mean weight 219 mg. 
565 mg.). The normal thyroid gland hamster weighs 
about mg. 

this experiment, thyroid cancer with metastases well other 
changes were found with about equal incidence males and fe- 
males (Table 3). the 204 hamsters, 12% had cancer with metastases; 
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TABLE SPONTANEOUS THYROID CANCER 
Primary tumor Spread Treatment 
No. | Exper. Days* | Sex 
1 Type Location | Invasion Metastases Type Amount 
1 692 F Papillary Entire | Muscle Lymph node Untreated control 0 
(23 mos.) follicular gland; | 
multinodular 
‘ 2 691 F Papillary Left lobe | Muscle 0 Untreated control 0 
(23 mos.) & follicular 0.5 em. | 
| adenoca. } 
' 3 | 1,000 | M Spindle cell Right lobe | 0 0 | 5% glucose in 187 ce. 
(33 mos.) earcinoma 0.5 saline bicarbonate 
} 4 358 Fr Spindle cell Microscopic | 0 0 | 1% cholesterol 21.5 ce. 
w (12 mos.) | carcinoma focus | in sesame oil 
: 5 635 | F Spindle cell Microscopic | 0 0 Bile of patient 155 cc. 
i (21 mos.) carcinoma focus without cancer 
a 6 697 | M Spindle cell Microscopic | 0 0 | Bile of patient 110 ce. 
(23 mos.) | carcinoma focus | with cancer 
7 846 | M Spindle cell Entire gland | Fat; Lymph nodes | Bile of patient 155 ec. 
(28 mos.) | carcinoma lymphatics | without cancer 
carcinoma 


a 


| (27.5 mos.) | 


without cancer 


* Age of animai approximated by adding 30 to experimental days. 


28% were thought probably have cancer without metastases and 59% 
had hyperplasia. One per cent had histologically normal thyroid glands. 

Histologically, the thyroid glands these animals resembled those 
the previous experiment (Fig. 7). However, elements were less 
well differentiated many animals, papillary projections were more 
prominent and hyperchromatic nuclei were more commonly seen (Fig. 8). 
Metastases were found the cervical and/or mediastinal lymph nodes 
animals and the lungs animals (Fig. 9). 

other sites metastatic spread were observed. The metastases were 
follicular adenocarcinomas and resembled the primary tumor except for 
the absence papillary projections. 

Spontaneous Cancer: Five hundred and twenty-three the 620 ham- 
sters survived 181 days and longer. Eight 1.5% had thyroid cancer 
(Table 4). Two the cancers were low grade papillary and follicular 
adenocarcinomas (Fig. 10). They were found females, months 
age, who were from the untreated group. Both tumors had local muscle 
invasion. One had metastases the cervical lymph nodes. The meta- 
static lesions were histologically similar the primary tumor. Psammoma 
bodies and inclusion bodies were not seen. One the cancers involved 


Figures are induced tumors. 

Figures 10-15 are spontaneous tumors. 

Posterior view symmetrically enlarged thyroid gland hamster fed the 
rice and carrot diet for 195 days. 

Fig. Hyperplasia thyroid gland. 

Normal thyroid gland. 


Posterior view thyroid cancer female hamster fed the diet for 486 days. 
enlarged paratracheal lymph node and multiple pulmonary metastases are evident. 
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mly one lobe the thyroid; the opposite lobe was normal size and 
histologic appearance (Fig. 11). 

Six the thyroid cancers were the spindle cell type. They occurred 
animals which had received variety substances: was given 
saline with bicarbonate; received cholesterol sesame 
il; received bile. Treatments appeared unrelated the develop- 
nent thyroid cancer since the test materials were dissimilar and the 
umor incidence for given test group was very low. 

Two the spindle cell cancers were found females, age and 
months; occurred males, age 24-34 months. The cancers generally 
replaced major portion the involved thyroid lobe. However, few 
normal appearing thyroid follicles were occasionally intermixed with the 
solid, tumorous portions (Fig. 12). The tumor cells were large, plump and 
elongated with abundant, pale-pink staining, finely granular cytoplasm 
(Fig. 13). The nuclei were large and contained irregularly distributed 
chromatin material. Prominent, pale, acidophilic nuclear inclusions were 
found the tumors (Fig. 14). The thyroid cancer without inclusions 
was the smallest the group, occupying approximately the lobe. Two 
the cancers directly invaded adjacent tissues. One these had metas- 
tases the cervical and anterior mediastinal lymph nodes (Fig. 15). 
The metastases were structurally similar the primary tumor, including 
the presence follicles filled with colloid. The follicular elements were 
the metastasizing struma type seen human thyroid cancer. with the 
papillary and follicular cancers, histologically normal thyroid tissue was 
present the non-tumorous portions the gland animals). 


DISCUSSION 


These studies clearly show that the Syrian hamster develops thyroid 
and thyroid hyperplasia when fed rice and carrot diet for pro- 
longed period time. This phenomenon was observed experiments 
utilizing animals from different commercial dealers. The cancers were 
predominantly well differentiated, follicular adenocarcinomas. relatively 
inconspicuous, papillary component was present most the primary 


Representative example well-differentiated, primary, follicular 
lary adenocarcinoma the thyroid hamster fed the rice and carrot diet for 468 
days. The papillary component more prominent the illustrated area than other 
areas the gland. The maturity the tumor such preclude diagnosis 
the absence metastases. 160. 

Area metastatic, follicular adenocarcinoma cervical lymph node. The 
focus well differentiated and has benign appearance. Primary tumor 

Fig. Histologic appearance well-differentiated thyroid cancer. Lymph node 
netastases were present. 160. 
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umors. Metastases were found the lymph nodes and the lungs. 
nost instances, the cancers were well differentiated that they could 
liagnosed with certainty only when metastases were evident. The meta- 
spread well differentiated tumors also occurs with other hamster 
ancers. For example, some the small intestinal adenocarcinomas (9) 
vould have been considered benign tumors except that metastases 
lymph nodes were present. 

Although the carcinogenic mechanism unknown, studies the human 
other animal species suggest that the low iodine content the diet 
vas important etiological factor (10, 11). Positive goitrogens and 
chemical carcinogens were not known present. Injected test materials 
not appear have affected tumor development. The iodine content 
rice and carrot diet lower than that diets usually employed rat 
experiments (12). Nutritional factors other than iodine are manifestly also 
deficient the diet. Further study necessary define their role this 
neoplastic process well prove the etiological significance the 
iodine deficiency. 

The response the hamster rice and carrot diet appears differ 
markedly from that the rat. Thyroid enlargement was not noted any 

120 Sherman rats subjected essentially the same dietary and other 
conditions described for the hamster. study failed reveal 
any thyroid abnormalities the rats surviving from 321 471 days 
the rice and carrot diet. calcium (13), chloride (14), other defi- 
ciency the diet may explain why the rats failed develop thyroidal 
changes. 

information available the serum iodine values hamsters 
maintained for prolonged period the rice and carrot diet. Short term 
experiments disclosed that serum total iodine values were low animals 
fed this diet for weeks although the protein bound iodine was still un- 
affected (4). 

Since spontaneous thyroid cancer was found, possible that the 


Fig. Less well-differentiated, primary, papillary and follicular adenocarcinoma 
the thyroid. 

Well-differentiated, follicular carcinoma cervical lymph node. 
Primary cancer shown Figure 

10. Histologic appearance cancer shown Figure 11. The papillary compo- 
predominant this area. other areas, follicular elements were more promi- 
nent. 

11. Gross appearance papillary and follicular adenocarcinoma originating 


‘he left lobe the thyroid gland. The right lobe normal both size and histologic 
ppearance. 
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iodine deficient diet merely increased the incidence this phenomenon. 
this regard, should noted that the histologic changes the thy- 
the induced cancer group are compatible with TSH effect. The 
zlands were diffusely involved cancer cancer associated with hyper- 
such degree that could not differentiated from cancer. 
spontaneous group, many the cancers were found otherwise 
histologically normal thyroid gland. This suggests the presence 
factor other than TSH stimulation. Histologically, the spon- 
and induced cancers were different. Spindle cell carcinomas were 
aot seen animals fed the rice and carrot diet. the spontaneous pap- 
and follicular carcinomas, the papillary component was more promi- 
nent and the cancer less well differentiated than those the induced 

Follis (15) has recently confirmed that the Syrian hamster develops 
hyperplasia the thyroid gland when fed iodine deficient diet. also 
stressed the similarity the human and the hamster the hyperplastic 
response their thyroid glands iodine deficient diet. Thyroid cancer 
was not reported present his animals which survived only for 
long 350 days the diet. Follis found that the pituitary glands ham- 
sters with thyroid hyperplasia tend enlarged and contain thyro- 
tropic, basophilic cells. Pituitary enlargement was present many our 
animals but study this problem yet completed. 
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ABSTRACT 


Osteoporosis develops White Leghorn chickens during the first 
egg production and becomes severe during the molt. Immature, and young 
mature pellets, cockerels, and nonmolting roosters not have osteoporosis. 
The disorder appears derangement the normal process haversian 
remodelling: the compact bone resorbed without osteoclast formation 
tunneling operations blood vessels expanding inside the compact bone; new 
osteones are not rebuilt replace old ones. Some the endocrine organ changes 
associated with avian osteoporosis are: atrophy the adrenal cortex and de- 
crease size and weight the gonads; reductions the weight the thyroids 
and parathyroids also occur but the decline relatively slight and inconstant. 
The level the blood plasma low and either normal low ultra- 
filtrates serum. Exogenous estrogen (without androgen) increases resorp- 
tion cortical bone, accentuates osteoporosis, and may cause fractures from 
such minor trauma excitement handling the birds. 


disorder the skeleton, characterized de- 
crease the amount the hard tissue favor the soft tissue, 
without any change the volume external configuration the bones. 
The White Leghorn hen bred for egg-laying animal that spontaneously 
develops osteoporosis. The metabolic factors responsible for this disorder 
are obscure. well known that the skeleton performs the function 
chemical warehouse for and phosphorus for egg production. 
White Leghorns heavy lay, the rate reproduction great im- 
pose definite amount stress upon the organsim. Added this, recent 
years, culling and breeding have developed the following 
advantageous traits: (a) early sexual maturity, (b) constant body weight 
approximately Kg., minimum feed consumption, (d) continuous egg 
production, (e) abstinence from brooding, (f) delayed onset resting, (g) 
late molting. possible that these traits may lead further stress, 
accelerated aging, and susceptibility disease. Champion birds compe- 
tition State Fairs had mortality per cent before the age 
one year (1). Osteoporosis, will described this report, appears be- 
fore the end one year otherwise healthy birds that survive. 
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clear that heavy egg production associated with hypersecretion 
estrogen. This leads the production deposits intramedullary bone, 
but will emphasized our observations, deleterious changes and 
osteoporosis develops cortical bone the same time. Reports (2, 
spontaneous fractures birds treated with exogenous estrogen tenderize 
the meat for marketing, provide evidence relationship between osteo- 
porosis and hyperestrinism. 

There are probably other and yet unknown factors involved the 
pathogenesis osteoporosis. Meister (4) observed osteoporosis Canadian 
Geese and related molting. Zahnd (5) described osteoporosis molt- 
ing roosters. The occurrence osteoporosis healthy molting males reared 
adequate diets including optimum vitamin and mineral intake, and 
demand for calcium from the skeleton during reproduction, indicates that 
mineral metabolism not fault. The endocrine organs, bone, and blood 


changes birds, with and without osteoporosis will presented below 
detail. 


METHODS 


One hundred White Leghorn birds, immature pullets, roosters, mature 
pullets, yearling hens, estrogen treated (Estrogenic Substances, Ayerst) yearling 
hens, and estrogen treated yearling roosters were autopsied and the results gross 
examination the endocrine organs, radiographic examination the adrenogonadal 
and skeletal systems, total and ultrafilterable serum calcium, and histological changes 
are summarized Table was measured the method Clark and Collip 
(6). Ultrafiltrates the serum were obtained the method Toribara (7). 


RESULTS 


Immature female bird was termed pullet until she was 
one year age. The pullets reached maturity about five months age. 
the two-week period before they came into lay, the endocrine organs, 
especially the thyroids, parathyroids, and ovary, increased size and 
weight. The size weight the adrenal glands was not remarkable. The 
oviduct was small. The blood was approximately 10.0 mg.% until 
days before the laying the first egg. The ultrafilterable calcium 
was approximately 6.0 mg.% and varied within small range. 

The long bones showed cortex solid compact bone, with secondary 
haversian systems, and intramedullary bone (Fig. 1). 

Cockerels and Roosters.—The cockerels became sexually mature five 
months age, weighed Kg. more than pullets and their endocrine 
organs were proportionally larger size and heavier weight than 
pullets hens. The adrenals, however, were 40% larger per Kg. 
mature cockerels than hens. The range the weight the testes was 
Gm. The total was 9.5 11.0 and the ultrafilterable cal- 
cium was 6.0 7.2 mg.%. 

The cortex the tibia consisted solid compact bone with both pri- 


| 
4 


379 


€ 


OPOROSIS 


4 


AVIAN OSTI 


March, 1960 


(+1) 


+ 


_ 


| | 

| | 
| 
| 

| | 
| 


URIST AND NANCY MARIE DEUTSCH Volume 


Adrenals 
126.4 mg. 


Oviduct 
21.9 


1A. Roentgenogram right and left tibias including cross-sections show the 
thickness the cortex, pullet 145 days age, before the maturation and growth 
the first ovum. The adrenals are moderately enlarged and weigh 126.4 mg. The ovary 
weighs 2.0 gm. twice much was bird days younger without growing 
comb. The oviduct greatly enlarged weighing 21.9 gm. and the serum 17.0 
mg.%, both changes resulting from secretion endogenous estrogen. There intra- 
medullary new bone, however, this early stage sexual 
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mary and secondary haversian systems. the end year when the 
molts and becomes rooster, the cortical bone shows increase 
the large vascular channels but thinning the cortex, and thus 
ippreciable osteoporosis (Fig. 2). 

Mature birds heavy lay, compared with the immature 
the cockerel, and post-molt yearling rooster, showed hypertrophy 
the endocrine organs. The data Table show absolute values for 
weighing approximately Kg. The adrenal glands showed hypertrophy 
and hyperplasia, not seen either immature pullets roosters, resting 
The ovaries, including ova storing yellow egg yolk, weighed 
but even when the yolks were removed the glands weighed times 
more than resting hens. There was always hypercalcemia, varying from 
12.7 35.5 mg.%. The level the ultrafilterable was slightly 
elevated some individuals but rarely more than 1.0 2.5 mg.% higher 
than immature pullets, roosters, resting hens. 

The cortex the tibia was only half the thickness that found im- 
mature birds adult roosters. addition, there were enlarged vascular 
channels and wide tortuous tunnels through the endosteal half the 


1B. Photomicrograph (X70) the tibia shown Fig. 1A, showing the dense 


compact bone the cortex. There evidence osteoporosis the pullet before she 
comes into lay. 
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2A. Roentgenogram showing cross-sections the right tibia, the intact left 
tibia rooster, show the thickness the cortex. The testes and the adrenal glands 
are normal size for adult male. 


pacta. There were always deposits intramedullary bone lining the mar- 
row cavity and inside the enlarged haversian canals (Fig. 3). 

Yearling Resting and Molting Hens.—The average laying bird underwent 
complete molt the conclusion the first year laying. During the hot 
weather the late summer and early fall our laboratory Southern 
California, some the birds ceased lay for periods from one two 
months. The weight the endocrine organs these birds was interesting 
that the thyroid and adrenal glands were small atrophied; the para- 
thyroids were half the size those laying hens. The ovaries weighed 
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2B. Photomicrograph (X70) the cortex cross-section shown Fig. 
There solid compact bone and osteoporosis the mature young rooster. 


little 1.0 gm. and the oviducts small 2.0 gm., indicating low level 
estrogen secretion. The total calcium was also low, varying from 7.6 
11.0 mg.%; the level the ultrafilterable calcium was 4.8 5.2 and re- 
duced proportion the level the total calcium. 

The tibias were extremely osteoporotic. The bone tissue was fully 
fied but light and brittle, that broke into fragments when cut with 
knife. There were many enlarged vascular channels. None, however, con- 
tained deposits intramedullary bone and few showed osteones with areas 
active new bone formation. There was apparent increase the num- 
ber osteoclasts. The bone matrix was fully The microscopic 
picture resting (menopausal) molting birds, with severe osteoporosis 
compared with laying pullets with mild osteoporosis suggests that the re- 
phase haversian remodelling failed materialize and refill old 
vascular channels with new bone, replace bone previously lost re- 
sorption (Fig. 4). 

Estrogen-Treated Hens.—An intramuscular injection Sub- 
stances (Ayerst), mg. per week, for weeks, produced specific defects 
the structure the cortical bone. Estrogen treatment yearlings (pullets 
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Fic. 3A. Roentgenogram showing cross-sections the tibia and femur (upper left) 
mature hen, months age, heavy lay showing layer spongy bone the 
endosteal surface the cortex. The ovaries show ova all stages growth. The 
isthmus the oviduct contains egg with complete covering albumin. The 


adrenals are greatly hypertrophied, weighing 239 mg. more than 100% larger than 
immature pullets. 
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3B. Photomicrograph (X70) the cross-section the tibia shown Fig. 3A. 
The cortex one half thick the rooster and contains many osteones with en- 
larged vascular channels and thin layer intramedullary bone. The marrow cavity 
also contains thick layer intramedullary bone. 


are less affected and can continue lay) caused the ovaries become re- 
duced size (possibly due suppression the pituitary), while the ovi- 
size and weight. The adrenal glands (and the thyroid 
some instances) also increased size and weight. There was apparent 
effect the pituitary parathyroids. There was pronounced hyper- 
caleemia, varying from 66.2 120.4 mg.%; the ultrafilterable calcium was 
only 1.0 2.0 mg.% higher than non-estrogen treated birds. 

The cortex the tibia and femur showed marked reduction thickness 
and large defects filled with intramedullary bone. The marrow cavity was 
completely occluded with intramedullary new bone. The combination 
compact bone and spongy intramedullary bone was weaker, rather than 
stronger, than the solid compact bone alone. The long bones were brittle 
osteoporotic bone and easily broken following treatment with large doses 
exogenous estrogen (Fig. 5). 

Estrogen-Treated injection 100 mg. Estro- 
genic Substances per week roosters produced all the changes that were 
observed hens. The testes were precipitously reduced size from ap- 
proximately gm. gm. within two weeks. The adrenal glands be- 


Total Serum 
17.0 


Roentgenogram showing cross-section the tibia and femur hen 
the first year heavy egg production. The cortex thin and brittle. There longitu- 
dinal splitting and enlarged vascular channels the compact bone. There intra- 
medullary bone remaining inside the marrow cavity. The ovaries are inactive and con 
tain growing ova. The oviduct atrophied and the serum calcium was 9.5 


indicating lower level secretion estrogen. The adrenal glands are relatively 
size and light weight. 


139 mg. 
| 
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Fig. 4B. Photomicrograph showing the cortex less than half that normal. 
The haversian canals are enlarged and filled with blood vessels, bone marrow, but 
osteoclasts. These channels, normally filled with the intramedullary bone deposits 
the laying hen, remain refilled with new compact bone; thus the rebuilding phase 
the process haversian remodelling absent. The persistence these channels 
the endosteal side without any loss osseous tissue the periosteal side the bone, 
osteoporosis. 


came hyperplastic and hypertrophied. The changes the serum have al- 
ready been described detail previous paper (6). 

The cortex the tibia showed resorption compact bone and enlarged 
vascular channels within three weeks. After three weeks, thin layer 
intramedullary bone formed lining the marrow cavity. Prolonged 
‘reatment with estrogen increased the amount erosion the cortex and 
compact bone with spongy bone. When estrogen treatment 

‘as discontinued, the intramedullary bone was resorbed and the remaining 
ortical bone was porous, brittle, and slow repair. 


DISCUSSION 


One the outstanding features avian osteoporosis, man and 
ther animals, the decrease the thickness the cortex the bones. 
compact bone also more porous. The cortical bone resorbed from 
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Adrenals 
194.6 mg. 


5A. Roentgenogram showing cross-sections the tibia and femur yearling 
days after injection 125 mg. Estrogenic Substances (Ayerst). Note further 
crease thickness the cortex while the marrow cavity completely filled with 
medullary new bone. The ovary atrophied and weighs only 1.7 gm. The oviduct 
large and weighs 32.4 grams without any egg it. The adrenals are moderately enlarge 
and weigh 194.6 mg. 
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Fig. 5B. Photomicrograph the specimen shown Fig. 5A. The thin brittle 
cortex contains channels filled with intramedullary new bone. The marrow cavity also 
deposits intramedullary bone, deep-blue and metachromatic staining 
with azure. The bone produced under the influence estrogen soft, has mechanical 
function, and serves chiefly reservoir for transmitted from the hen 
egg shell. this condition, although the cortex heavily calcified, the compact bone 
and brittle and susceptible spontaneous fractures. 


within, enlarging the diameter the marrow cavity. The bone tissue that 
present fully calcified, possibly even hypercalcified that the per cent 
ish may unchanged slightly increased; for this reason, the past, 
determinations the bone ash have not disclosed the presence osteo- 
porosis and fail explain the increased fragility the bones osteo- 

The cause spontaneous fractures osteoporosis can readily seen 
cross-sections the cortical bone with the aid correlated radiographic 
and histologic methods. The cortex appears resorbed from within 
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centrifugal direction until the structure weakened that unable 
withstand such slight amount trauma handling the birds put them 
crates for the market. The cortical bone resorbed and the haversian 
canals are enlarged some unknown mechanism that does not require th« 
action osteoclasts. The matrix and the mineral are removed together 
halisteresis, the term literally meaning salt deprivation, may apply the 
bone changes osteomalacia, but not osteoporosis which the bones 
fully calcified, hard, and brittle. 

Avian osteoporosis has been produced transferring hens low 
cium diets (8). This condition was accompanied cessation egg produc- 
tion. The adrenal glands, however, were either normal large size. The 
birds showed first increase and then decrease the volume intra- 
medullary bone, suggesting secondary effect upon the level F.S.H. 
estrogen production the ovaries. The parathyroids were generally in- 
creased size and weight. These observations suggest that low calcium 
intake associated with multiple and diverse endocrine reactions; itself, 
calcium-deficient diet probably not sufficient produce avian osteo- 
porosis. 

Resting molting birds with severe osteoporosis showed either prelaying 
low levels the serum calcium. Egg production estrogen treatment, 
described previous reports (9), increased the level the total calcium 


owing the production phosphoprotein associated with phos- 


pholipid-lipoglyco-protein, produced the liver. The calcium that 
was added the serum was absorbed from the gut and from cancellous 
bone but was very likely also mobilized from cortical bone and contributed 
the production osteoporosis. 

production and estrogen treatment were also associated with forma- 
tion system intramedullary new bone. This deposit, similar fe- 
male secondary sex characteristic, rises and falls volume with the 
production estrogen. The function store calcium for calcification 
egg shells. The cortex shows osteoporosis the same time that the intra- 
medullary deposits grow volume, and fact displace compact bone. 
Hence, likely that the animal transfers calcium from the compact bone 
the intramedullary bone. 

Osteoporosis has been attributed many causes. One mechanism, com- 
mon all causes, has been suggested the recent literature; this the 
unopposed action 17-hydroxycorticosterone and other 
produced the adrenal cortex (10). avian species, corticosterone 
produced large amounts during reproduction. According 
(11) sex hormones, estrogens and especially androgens, oppose the 
anabolic effect glucocorticoid hormones upon bone tissue. The prototyp 
this form osteoporosis and the evidence for the preventative action 


sex hormones, may seen experimental and clinical Cushing’s 
drome. 
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Osteoporosis White Leghorn hens differs from osteoporosis Cushing’s 
Syndrome man that associated with small rather than large adre- 
glands. one hand, during the period reproduction, when estrogen 
secreted large amounts, the adrenals are hypertrophied. the other 
when reproduction ceases, and molting its height, the adrenals 
atrophied. Avian osteoporosis more like senile osteoporosis (12) than 
osteoporosis that found when the adrenals are 
rather than hypertrophied. The intermediate steps and the meta- 
interrelations leading osteoporosis are not known. The amount 
glucocorticoid hormones plasma and excreta laying hens and 
estrogen treated birds now being measured our laboratory. The plasma 
levels, thus far, not appear abnormal. The excreta present techni- 
cal difficulties have not yet been able solve. Experiments with ACTH 
and exogenous adrenal steroids birds with and without osteoporosis will 
presented later communications (13). 
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HOMOGRAFTED THYROID TISSUE MEM- 
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ABSTRACT 


Thyroid tissue has been successfully homografted Millipore diffusion 
chambers between rats that have been shown routinely reject skin homo- 
grafts. such grafted animals, histological sections chambers removed have 
revealed normal thyroid tissue and colloid-filled acini 70% month and 
months. Further corroborative evidence functional viability has 
been based significant uptake tracer dose given prior re- 
moval the chambers, and radio-autographs obtained. 

Problems relating membrane thickness and chamber breakage are dis- 
cussed and the question possible tissue adaptation the host with the pas- 
sage time raised. 


UCCESSFUL experiments the transplantation tissues within 

Millipore filter chambers have been reported number investi- 
gators recent years. The initial observations Algire al. (1-3) dem- 
onstrated that these chambers could used protect variety normal 
and tissues homo- and heterotransplantation. Others (4, 
studied the behavior tissues which had been placed within these cham- 
bers. These chambers provide useful means for distinguishing between 
cellular and noncellular aspects the which act upon tissues (6). 
When they are constructed from membrane filters with the proper pore- 
size, the chambers will admit particles molecular size while restricting 
the passage cells. 

Attempts have been made number laboratories use the Milli- 
pore chamber technique the transplantation endocrine tissue. vari- 
able degree success has greeted these efforts. Sturgis and 
have successfully performed ovarian homotransplantation the rat (7), 
and ovarian heterotransplantation from human monkey (8). How- 
ever, human ovarian homotransplantation has thus been 
success (8). Jordan (9) was unable secure any success the autotrans 
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plantation parathyroid tissue within diffusion chambers, and the pre- 
liminary observations Stone and Eyerling (10) have not been confirmed 
further reports. Hallin and Swan (11) reported variable degree 
success their attempts perform homotransplantation ovary, testis, 
prostate, thyroid, parathyroid and pancreatic islet cells Millipore cham- 
the dog. Diffusion chamber techniques have been utilized the 
(12) and homotransplantation (13) thyroid other 
and preliminary observations adrenal homotransplantation 
been reported (13). 

this report additional observations are presented the studies 
the homotransplantation thyroid tissue the albino rat. The purposes 
this experiment are: compare the survival the transplanted 
tissue monthly intervals, and evaluate the functional status the 
tissue. 


MATERIALS AND METHODS 


The donor and recipient animals this experiment were adult female albino rats 
the Sprague-Dawley The recipients were group rats which had been 
thyroidectomized 3-8 months prior receiving the transplanted thyroid tissues. Each 
recipient animal had received intraperitoneal injection 200 prior re- 
ceiving the transplanted thyroid, decrease the amount residual endogenous thy- 
roid tissue. The large dose was given 2-5 months prior the grafting procedure. 
The rats which served donors were obtained from the same breeding farm the 
recipients. The donors were younger animals months old) and both donors and 
recipients were the products purely random breeding large colony. 

The Millipore filter chambers were constructed using the technique Algire (1). 
The chambers utilized Millipore (14), which has effective pore-size approxi- 
mately and thick. Figure illustrates the method assembly the 
Lucite rings and Millipore into the shallow receptacles which comprise the cham- 
ber. The were sealed with lucite acetone after the tissue was inserted. 
The empty chambers were sterilized exposure the vapors ethylene oxide for 
least hours. 

The operations upon the rats were carried out with clean instruments and clean 
technique, though attempts were made maintain the sterility anything except 
the chambers. The donor and recipient rats were simultaneously anesthetized with open 
drop ether. Then, using iridectomy scissors and exceedingly fine toothed forceps, each 
thyroid lobe the donor was removed and minced into fragments mm. di- 
ameter. The tissue was repeatedly moistened with Hank’s balanced salt solution and the 
tissue was suspended drop this solution before was sealed the cham- 

All the tissue from individual thyroid lobe was placed into single chamber, 
ind the chambers were then inserted into the subcutaneous tissues the lateral ab- 
lominal wall. indirect route was used order avoid premature extrusion the 
ventral midline incision was made and the abdominal contents were re- 
tracted the side; using this exposure, second incision was made through the flank 
that pocket could opened the space. This pro- 
was repeated produce second pocket the opposite flank. After the cham- 


Obtained from the Charles River Laboratories, 1093 Beacon Street, Boston, Massa- 
husetts, 
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bers had been inserted the spaces, all three incisions were closed with 
0000 cotton. 

The recipients were divided into four groups approximately equal size, and the 
groups were sacrificed monthly intervals. Twenty-four hours before the animals were 
sacrificed, they were injected intraperitoneally with 1.0 ml. water. The 
chambers were divided transversely after their removal; one half was placed formalin 
for later histologic examination, and the other half was digested 10% NaOH (100° 
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TOP VIEW (3) CROSS SECTION 


Steps construction the membrane filter chambers 
used tissue homotransplantation. 


and counted well scintillator. Microautoradiographs were prepared with tissue from 
various rats chosen random, study the areas localization radioactivity within 
the chamber and the peritracheal areas. 

preparing the microautoradiographs, the tissue was fixed formalin overnight 
and the next day was carried through the usual paraffin imbedding process and sec- 
tioned into slices thick. These slices were placed light-proof box against Kodak 
Type 1X3 inch plates for days. The plates were then developed wit! 
Kodak D-19 developer and acid fixer. 

Controls were established number concurrent experiments, which may 
summarized follows: Attempts perform skin homografts were made 
Sprague-Dawley rats. permanent survival homotransplanted skin was obtained 
although technique skin autotransplantation was developed which gave 98% suc 
cessful transplantation. Previous efforts perform homotransplantation the rat 
adrenal gland without the protection Millipore chambers had been complete failure 
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histologically and functionally, rats. The average weight transplated thy- 
roid tissue was 17.2+2.0 mg. per rat. portion skeletal muscle similar size was 
aken from each recipient rat serve control for the uptake studies. The average 
veight these muscle fragments was found 17.4 mg. 


RESULTS 


Fifty-four rats received homotransplanted thyroid tissue within 
chambers. Ten rats died early the experiment and were not included 
the data. The remaining rats received total Millipore chambers 


TABLE SUMMARY OBSERVATIONS UPON MILLIPORE CHAMBERS CONTAINING 
HOMOGRAFTED RAT THYROID TISSUE. RATS WERE SACRIFICED MONTHLY INTER- 
VALS FOR HISTOLOGIC EXAMINATION THE TRANSPLANTED TISSUE 


Removal time following trans- 
plantation (months) 


— 


Per cent chambers which contain viable thyroid 


containing thyroid tissue and were sacrificed set intervals. Eighty-four 
these chambers were examined histologically. Three chambers were 
damaged the process histological preparation. The observations upon 
chambers are summarized Table 

The observations are based upon block sections taken 
points the half-chamber which had been placed formalin. Repre- 
sentative illustrations thyroid and fibrous tissue elements the cham- 
bers are shown Figures Another interesting finding was the presence 
giant follicles within chambers. Often these follicles showed squamous 
metaplasia, and usually they did not contain colloid (Fig. 5). 

The hour uptake I'*! was measured half-chambers. these, 

13% showed uptake least times greater than the specimens skele- 
tal muscle from the same animal. The average weight these muscle sam- 
ples was 17.4 mg. The average total weight original thyroid tissue trans- 
planted chambers was 17.2 mg. (see above). the completion each 
experiment, one-half each chamber was counted for radio-activity. 
Therefore, best, approximately mg. original tissue was being 
counted. This fails take into consideration the consistent and consider- 
ible loss tissue weight that occurrs within the chamber with the passage 
time subsequent grafting. For technical reasons, the tissue recovered 
ollowing chamber removal could not separated from its millipore mem- 
and weighed. However, represented only fraction that origi- 
transplanted. Millipore chambers left situ without thyroid tissue 
ailed concentrate the radioactive iodine. 

was interesting discover that evidence viable thyroid 
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Thyroid homograft removed one month after implantation, showing the 
Millipore chamber and surrounding tissues the recipient animal cross-section. 
Note the fibrous tissue the host the top, the 150 thick Millipore, and the 
layer transplanted tissue showing thyroid follicles. 


tissue could demonstrated only two-thirds the chambers which 
concentrated However, the chambers which contained luxuriant 
growth thyroid tissue and also demonstrated the greatest degree 
uptake had radio-active iodine uptakes >0.4% hours. Three these 
chambers were studied with microautoradiographs, and the radioactivity 
was demonstrated localized the area the follicles these cham- 
bers (Fig. 6). contrast, microautoradiographs chambers which con- 
tained only small amounts thyroid tissue which were frankly 
invariably failed show localization radio-activity within the chambers 

unexpected result the experiment was the demonstration that 
certain percentage the chambers which contained viable thyroid 
were either broken open contained capillaries with erythrocytes (Fig. 
Chambers were classified they exhibited any three fea- 
tures: microscopic discontinuity the membrane when was 
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Fig. Thyroid homograft removed four months after implantation, showing con- 


siderable amounts thyroid tissue between the two surfaces the diffusion chamber, 
which seen here cross-section. (37 X.) 
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Thyroid homograft removed two months after implantation, with 
only thin layer fibrous tissue the diffusion chamber. 
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Squamous metaplasia, occurring gaint thyroid follicle, homografted 
tissue within Millipore chamber, removed three months after implantation. This 
was also found have been broken open (Fig. 8). 


from the experimental animal; microscopic evidence well-established 
break the membrane which admitted fibrous tissue (Fig. 8), poly- 
morphonuclear leukocytes within the chamber. Thirty-seven per cent 
the chambers were thus classified However, two-thirds these 
chambers contained thyroid tissue which was normal appearance. Six- 
teen per cent (13/84) the chambers contained capillaries with erythro- 
and these chambers contained viable thyroid tissue. 

The rats which died before their chambers were removed were ex- 
cluded from the experiment, because the difficulty obtaining prompt 
postmortem examinations. The causes death these animals were 
pneumonia, four; unknown cause, three; brain abscess, one: 

strangulated incisional hernia, one; and peritonitis, one. 


DISCUSSION 


The results clearly demonstrate that the membrane filter 
makes possible perform successful homotransplantation thyroi 
tissue the albino rat, with preservation function. However, the dat: 
suggest that the initial may tempered failure later date 
through one more mechanisms: some cases the Millipore filter 
apparently altered, becomes permeable cellular material and 
becomes basophilic, cracked and wrinkled broken. most chamber 
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Fig. Microautoradiograph and corresponding tissue section, showing localization 
radioactivity follicular areas the homotransplanted rat tissue. Homotransplant, 
vithin filter chamber, was removed two months after implantation. 


removed after months the host, the amount thyroid tissue has de- 
creased and there progressive increase the amount fibrous stroma. 
proportion fibrous tissue apparently the most serious 
spect the problem, for the number failures due broken chambers 
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Fic. Diffusion chamber containing homografted thyroid tissue, removed one 
month after implantation, showing erythrocytes capillaries surrounding histologically 
identifiable thyroid tissue. (77 


Diffusion chamber, showing broken membrane filter, admitting fibrous 
and lymphocytes. The chamber, containing homografted rat thyroid, had been im- 
planted three (37 X.) 
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does not appear increase significantly from month month. addition, 
ment nylon mesh. contrast, adequate method has been worked out 
the gradual increase fibrous tissue the chambers. The fibrous 
tissue may well derived from thyroid stroma. This would represent 
situation analogous the well-documented modulation tissues cultured 
vitro under variety conditions (15). 

The progressive increase the fibrous elements the chamber might 
represent delayed response the initial trauma which the tissue under- 
zoes the operation removing and preparing the explant. Another part 
the initial trauma the period adjustment delayed diffusion 
oxygen the devascularized tissue within the Millipore chamber. Later 
the the life the transplanted tissue, conceivable that the 
tissue may subjected chronic hypoxia because the membrane filter 
and sear tissues surrounding it. This chronic hypoxia might cause death 
and fibrosis the tissue. 

The existence capillaries containing erythrocytes the 
(Fig. has been unique finding this experiment. unlikely that the 
capillaries and cells are developed from vascular elements the donor 
tissue, for cases have primitive erythrocytes leukocytes been seen 
within the chambers. Therefore, the capillaries appear prima facie 
evidence that the chamber has been broken open, and that host tissue 
contact with the grafted tissue. The fact that there usually inflam- 
matory response such cases, either granulocytic lymphocytic, suggests 
that the host tolerant the grafted tissue. conceivable that the 
transplantation with the Millipore chamber acted some manner 
conditioning influence. analogous situation the trans- 
planted tumors rodents, demonstrated Koprowski (16). his 
experiments, the tumors were partially protected intracerebral passage 
for several generations, and they were finally for intraperitoneal 
growth. 

The evidence Algire al. opposition the hypothesis that 
tissue within the Millipore might produce degree tolerance the host. 
However, their studies were carried out crosses between inbred strains 
mice, and with mouse-rat heterotransplants; this contrast the 
present experiments, which were performed the albino rat. This may 
important difference, for the inbreeding commercial rat colonies ap- 
parently produces slight degree natural tolerance homotransplanted 
tissues. For instance, Ashley al. (17) have found permanent success 
intra-strain skin homografts about 10% young rats; and although 
many authors have reported the failure all attempts secure 
skin homografts the normal untreated adult rat, our labora- 
tory few skin homografts adult rats have been observed live long 
days. The “partial homograft the rat has also been 
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demonstrated the prolonged survival skin 
formed al. (24). 

additional question great importance deals with the problem 
assessment function the thyroid tissue the Millipore chambers. Al- 
though this tissue has been shown pick the area the follicles, 
must addition demonstrated that the inorganic iodide incorpo- 
rated into thyroxine. This problem currently under investigation. 
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THE MASS THE ZONA GLOMERULOSA FOLLOWING 
COMPLETE ANTERIOR AND POSTERIOR HYPOPHY- 
SECTOMY AND SUBTOTAL REMOVAL THE 
PARS TUBERALIS THE DOG! 


ROBERT BAHN, HENRY STORINO 
ROBERT SCHMIT 


Mayo Clinic and Mayo Foundation, Rochester, Minnesota 


ABSTRACT 


Atrophy both the zona glomerulosa and the inner adrenal cortical zones 
the dog was observed weeks after complete anterior and posterior hypophy- 
sectomy and subtotal removal the pars tuberalis. Reimplantation 
portion the pars distalis resulted partial maintenance the mass each 
the adrenal cortical zones. The degree atrophy the zona glomerulosa was 
less than that observed the inner cortical zones. Nevertheless, the data 
demonstrate that the dog the mass the zona glomerulosa not exclusively 
controlled extrapituitary factors. 


ECAUSE the rounded configuration the adrenal gland, evalua- 


tion the effects hypophysectomy the cells the zona glo- 
merulosa has been difficult. sections the adrenal are usually 
prepared such way that the cross section the gland appears almost 
elliptical circular. After hypophysectomy the inner cortical zones (zona 
fasciculata and zona reticularis) promptly decrease size. evaluating 
the effects hypophysectomy the morphology the zona glomerulosa 
means microtome sections, one faced with the problem estimat- 
ing the total mass population cells distributed about the circumfer- 
ence shrinking cylinder sphere (1, 2). Since marked atrophy the 
inner cortical zones might expected minimize obliterate changes 
the thickness the zona glomerulosa resulting from hypophysectomy, one 
would not expect measurements only the thickness the zona glomeru- 
losa reliable index the latter’s total mass (2). The method 
(3) for estimation the volume the cortex and medulla the 
rat’s adrenal necessitates complete serial sections the adrenal and ther- 
‘ore seems impractical when applied studies substantial numbers 
logs’ adrenals. The method developed for the present study based the 
emoval almost cylindrical portion the dog’s adrenal gland from 
egion where the cortex usually uniform composition and thickness. 
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The thicknesses the cortical zones within this sample and the cross sec- 
tional area each zone within the sample were determined. From these 
data and the weights the adrenal glands, the mass the various layers 
the adrenal cortex was calculated. 


MATERIALS AND METHODS 


Experimental Plan. Fifteen mongrel dogs were studied. All dogs were maintained 
the usual laboratory rations dried pellets canned dog food. Normal preopera- 
tive intake food was maintained hypophysectomized dogs during the postopera- 
tive period. Water was given desired. 

The animals were divided into three groups. Group consisted six normal dogs, 
each weighing approximately kg. The mean total weight for pairs adrenals was 

Group consisted six totally hypophysectomized dogs. Hypophysectomy was 
performed through left temporal approach. The anterior pituitary gland was Visual- 
ized directly and removed together with the anterior half the median eminence. 
dogs developed mild permanent diabetes insipidus well pituitary and 
were sacrificed weeks postoperatively. The mean initial body weight was 14.1 
the mean final body weight was 13.2 kg., and the mean total weight for pairs adrenals 
was 0.74+0.05 gm. 

Group consisted three hypophysectomized dogs which half the pars distalis 
was reimplanted into the sella turcica. Immediately after removal the pituitary and 
placement the lesion the median eminence previously described, the freshly 
removed pars distalis was dissected free from other portions the hypophysis and di- 


vided half, and one these two portions was immediately replaced into the sella. 


Dogs group were sacrificed weeks postoperatively. The mean initial body weight 
was 13.5 kg. The mean final body weight was 12.6 kg. The mean total weight for pairs 
adrenals was 1.02+0.13 gm. 

All adrenal glands were fixed per cent formalin solution. After fixation the extra 
adrenal fat and connective tissue were carefully trimmed away and the glands weighed. 
Identification reimplanted pars distalis, localization the median-eminence lesions, 
and verification the completeness the hypophysectomy were determined serial 
sections the hypothalamus and contents the sella turcica. 

Sampling Tissue. almost cylindrical sample the tissue approximately 
thickness was selected from the peninsular process the right adrenal gland, 
near the junction the latter with the body the adrenal. The base the peninsular 
process the right adrenal was selected because this site could easily identified and 
almost circular elliptical cross section possessing few major irregularities the 
cortical could obtained from most pairs adrenal glands. Frozen 
sections were prepared from this sample and stained with hematoxylin and Sudan 

Measurement Cortical Zones and Medulla. Ten measurements the thickness 
the zona glomerulosa and measurements the sum the thicknesses the inne: 
cortical zones (zona fasciculata and zona reticularis) were made about the 
each frozen section means graduated ocular micrometer magnificatio: 
The semimajor and semiminor axes the medulla were determined 
ing the major and minor axes and dividing each these values two. 

Calculation Cross Sectional Areas Zones Within Sampled Section. The sample 
adrenal section was considered composed series three concentric 
the limits which were defined (a) the outer margin the medulla, (b) the 
margin the zona fasciculata and (c) the outer margin the zona glomerulosa. 
semimajor axis the sampled section was found adding the length the semimajo 
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ixis the medulla the sum the mean thicknesses the cortical zones. The semi- 
ninor axis the sampled section was found adding the length the semiminor 
xis the medulla the sum the mean thicknesses the cortical zones. The semi- 
the ellipse bounded the outer margin the zona fasciculata were computed 
similar manner. The cross sectional area each concentric ellipse within section 
‘as computed multiplying the appropriate semimajor axis the appropriate semi- 
ninor axis and then multiplying this product The cross sectional area each 
zone was derived subtracting the area one ellipse from the area the 
ext largest ellipse. 

Calculation Mass Adrenal Cortical Zones. The total mass zone was 
from the weight the adrenal the total area the sampled section (a,) 
the area the zone within the sampled section means the following 
formula: 


ae 


The derivation this relationship presented the appendix. The means, the 
standard errors the means and the value for were determined the usual manner. 


RESULTS 

The results and statistical comparisons are listed Tables and 
After total hypophysectomy (group there was major decrease both 
the thickness and the mass the inner cortical zones. This atrophy was 
partially prevented reimplantation the pars distalis (group 3). 

Although the thickness the zona glomerulosa was greater after total 
hypophysectomy (groups and the observed differences were not statis- 
tically significant. The mass the zona glomerulosa, the other hand, 
decreased significantly after total hypophysectomy (group versus group 
P<.05). However, atrophy the zona glomerulosa was not demonstra- 
hypophysectomized dogs which portion the pars distalis was 
replaced into the sella turcica (group 3). 

Differences the mass the medulla among groups and were not 
significant. 


THICKNESS ADRENAL CORTICAL ZONES 


Animals Hypophysis and Ilypothalamus Adrena! thickness, mm. 

| (Normal) 6 | Intact | Intact Intact | Intact .22+ .03* 1.54+ .08 

| remnants | | 
Hypophysectomized, | 3 Small frag- | Minute | Absent Lesion .25+ .004 | 1.13+.09 

with replacement) | ment (15 to remnants | | 
| 30%) | | 

versus 2 | t=1.56 t =6.92 
| P> .05 | P< .@& 
ersus 3 | t=0.63 | t=3.15 
P> .06 | P< .06 


* Mean and standard error of the mean. 


q 
| 
T T 


TABLE EFFECTS COMPLETE HYPOPHYSECTOMY MASS 
ADRENAL CORTICAL ZONES 


Animals Mass, mg./kg. body weight 


Group Number glom. 


Mean and standard error the mean. 


COMMENT 


number authors (4, have reported that after hypophy- 
sectomy subtotal maintenance the morphology and function the 
dog’s adrenal cortex has been associated with the persistence minute 
remnants the pars distalis with the sella. Marked adrenal cortical 
atrophy was result total hypophysectomy. 

Lane and Bodo (7) have reported that atrophy the zona glomeru- 
losa well the inner adrenal cortical zones can observed 
months after complete hypophysectomy the dog. the present study 
significant atrophy both the zona glomerulosa and the inner cortical 
zones followed combined complete anterior and posterior hypophysectomy 
and subtotal removal the pars tuberalis. These data seem indicate 
that trophic activities affecting the zona glomerulosa well the inner 
cortical zones arise from the region the median eminence and the pitui- 
tary gland the dog. This conclusion supported the observation 
partial maintenance the mass all the adrenal cortical zones re- 
placement portion the pars distalis into the sella turcica. The im- 
portance the anterior pituitary and the tuberal region the control 
aldosterone secretion has recently been discussed Davis and associates 
(9, 10, 11). 

Our data also show distinct difference between the degree 
observed the zona glomerulosa and that observed the inner 
zones after complete hypophysectomy (group 2). This disparity 
that some factors other than the pars distalis play role the mainte. 
nance the mass the zona glomerulosa weeks after hypophysectomy 
The extrapituitary factors have been investigated (12, 13) and 
(14) Farrell and associates. 
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APPENDIX 


The method for the the mass the adrenal zones based upon the 
following considerations: any solid figure divided sufficiently large number 
(n—1) parallel planes sufficiently small equal intervals large number (n) 
figures will result which possess area (A) parallel the plane section, and 
thickness The total volume the solid figure can expressed as: 

or 
(2) 


Multiplying the right hand member n/n 
n 


(4) 
where the mean cross sectional area, then 
= sA, (5) 


similar expression can derived for the volume zone within the solid figure 
terms the mean cross sectional area the zone (A,), thus 


(6) 


| 
te 
i I 
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The mass solid figure can defined terms its volume and its density 


as: 


t t 
Similarly the volume zone within the solid figure can defined terms its 
mass and density as: 
k 
Substituting for and dividing equation equation 
ki M, 


Solving for 


(11) 


one assumes that the ratio the area zone within the sample the total 
area the sampled section approximates the ratio the true mean areas and 
and that there are appreciable differences the densities the layers the fixed 
hydrated adrenal gland, then 


(12) 


for ease 


Substituting equation 14, 


Ka, (16 


The assumption that the ratio approximates the ratio seems 
since the relative composition the adrenal gland normal adult dogs calculated 
our methods (zona glomerulosa per cent, inner cortical zones per cent, 
per cent) does not differ remarkably from that derived from gross dissection th: 
adrenal cortex and medulla (15) and from sections the adrenal gland (16). 


(7) 
ky At 
(13) 
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Substituting equations and equation 11, 
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EFFECTS VARIOUS ANALOGUES THYROXINE 
OXYGEN UPTAKE CARDIAC 
MUSCLE FROM 


Department Physiology and Pharmacology, Oklahoma 
State University, Stillwater, Oklahoma 


ABSTRACT 

The response oxygen uptake surviving ventricular myocardium 
thyroxine, 3:5-diiodothyronine and 3-monoiodothyro- 
nine and their and acid derivatives was studied cockerels 
pre-treated with thiouracil. Thiouracil lowered the oxygen uptake from the 
normal control level 6.0 dry tissue 4.0 Thyroxine gave 
greater increase above the normal controls than any the other compounds 
all dosage levels hours following intraperitoneal injection; the higher dos- 
age levels, triiodothyronine was the next most potent compound. The remain- 
ing compounds, general, did. not increase oxygen uptake above the normal 
control level except the highest dose. The response thyroxine reached 
maximum 9-12 hours and subsided hours; that triiodothyronine 
12-15 hours and hours respectively. 


LTHOUGH triiodothyronine has been identified the thyroid glands 
(1, and blood normal chickens (3), the significance 
this analogue thyroxine within the thyroid the peripheral level re- 
mains unknown the bird. Triiodothyronine has been reported have 
less than thyroxine blocking TSH release (4), the same potency 
preventing goiter (5) and controlling suffocation time, total oxygen con- 
sumption and heart rate (6), and greater potency preventing goiter 
thiouracil-treated birds (6, 7). view these discrepancies relative 
activities and the lack information concerning the possible biologic roles 
any analogues thyroxine the peripheral level the bird, the effects 
thyroxine and some its derivatives oxygen uptake cardiac 
muscle were studied the chick. 


MATERIALS AND METHODS 


White Leghorn cockerels were obtained from Stillwater Hatchery the day 
and were placed battery chick brooder where they received ‘Superior 
\ll-In-One” chicken feed and 0.1% thiouracil their drinking water for days. 
desired time prior sacrifice, each chick received intraperitoneal injection 
the following compounds (all levorotatory forms): thyroxine 
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triiodothyronine 3:5-diiodothyronine and 3-monoiodothyronine and 
their and propionic acid derivatives was given loga- 
rithmic doses 0.01, 0.1, 10, and 100 gm. body weight. The other 
compounds were given molar equivalent basis compared (Fig. 1). Each 
the compounds was dissolved such manner that all injections were 0.1 
gm. body weight. All the compounds used except and were dissolved 
weak solution NaOH and then diluted the desired volume with distilled water. 
and lose their potency mixed weak NaOH solution (8); therefore they 
were dissolved part ethanol and diluted with parts propylene glycol. The solutions 
prepared for injection were refrigerated order minimize deterioration the com- 
pounds alkaline medium; unused solutions were discarded the end days. 

The chicks were killed decapitation and the ventricular myocardium removed 
and placed ice-cold phosphate saline solution which had been prepared 
frigerated hours previously (9). The myocardium was cut into uniform slices 0.5 mm. 
thickness means Stadie-Riggs microtome. Two three slices tissue from 
the same heart were placed Warburg vessel which contained ml. cold phosphate 
saline solution. The vessel was mounted, flushed with pure oxygen for mintues, then 
allowed equilibrate the water bath for minutes 37° Oxygen uptake readings 
were taken minute intervals for hour constant temperature 37° 
the end one hour, the slices myocardium were removed and dried 37° for 
hours. Oxygen uptake was calculated O2/mg. dry 

Since cardiac tissue from only chicks could handled the Warburg apparatus 
one time, one two birds were used each dosage level along with one normal con- 
trol and one thiouracil control bird for each order minimize experimental 
variation between dosage groups. 

Since the regression the plotted data involved different levels single factor 
(Fig. and since the experiment was completely randomized, orthogonal comparisons 
regression were made utilizing Snedecor’s test obtain levels probability (10). 


RESULTS 


The responses ventricular myocardium from chicks various levels 
thyroxine and its analogues, measured oxygen uptake sur- 
viving tissue slices hours following injection, are shown Figure 

All the compounds tested increased the oxygen consumption cardiac 
muscle above the level oxygen uptake myocardium from the thiou- 
racil-treated control birds; this increase was obtained all dosage levels. 
The responses obtained from were greater than those any the other 
compounds all levels. The regression line for indicated the response 
was general greater than those the other compounds (except 
levels equivalent 100 the remaining derivatives thy- 
roxine used this study, only T;A, T;P, and T,P elevated 
oxygen uptake above that the normal controls and then only 
highest dosage levels. Thiouracil treatment alone for days 
the oxygen uptake surviving ventricular slices from the untreated con 
trol level (40 birds) 4.0 +.38 (37 birds) ul./hr./mg. dry tissue 
Statistical analysis (orthogonal regression) indicated tha’ 
the response many the compounds contained linear componen 
which was statistically significant for T,, T;, and T;A 
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Fig. Responses cardiac muscle various doses thyroxine and some its 
uptake myocardium from untreated control birds was 6.0+.3 
mg. dry tissue. 


for Other components (quadratic, cubic and quartic) with 
igh level significance were also obtained. 

These results indicate that hours following injection the hormone, 
greater increase oxygen uptake cardiac muscle from 
chick than did any the other derivatives following equivalent 
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TABLE OXYGEN UPTAKE* VARIOUS INTERVALS AFTER INJECTION AND 


Hours after injection 


Number 
Mean 
St. Dev. 


Number 
Mean 
St. Dev. 


Number 
Mean 
St. Dev. 


Number 
Mean 
St. Dev. 


Number 
Mean 
St. Dev. 


* ul./hr./mg. dry tissue. 
10 wg. /100 gm. body weight. 


doses. general, all the other compounds tested were less potent than 
under similar experimental conditions. 

When the dose hormone was constant gm. body weight 
(or its equivalent) and the time interval was varied, the maximal response 
occurred hours following injection (Table 1); that occurred 
hours. The increased oxygen uptake following injection did not 


‘return the thiouracil control level until hours following injection; 


that returned hours. Integration response and time use 
planimeter gave values 7.0 units for and 2.6 units for T;. These data 
indicate that the response increased oxygen uptake chick cardiac 
muscle was quicker, greater magnitude, and more prolonged than 
that under the conditions this experiment. 


DISCUSSION 


spite numerous reports the biologic effects various thyronines 
following the identification the blood human beings (11) and 
knowledge its wide distribution mammals, there general agree- 
ment the significance their physiologic actions interrelations either 
within the thyroid gland the tissue level. credited with being 
more potent than evidenced measurements numerous 
action mammals (12); T;, T;A were regarded 
workers being the peripherally acting thyroid hormone (13, 14, 15). 

Although relative potencies can evaluated different standards, 
term used herein refers comparison responses obtained with mola 
equivalent amounts two (or more) substances respectively. The result 
this study indicate that more potent than the chick when tw: 
different standards potency are utilized. showed greater activity 
did equimolar amount oxygen uptake survivin: 


412 
3 6 9 12 15 18 24 30 36 42 
Ta 10 10 20 20 20 10 10 10 10 10 
3.28 4.89 9.63 8.56 7.95 7.05 5.84 4.63 3.95 4.60 
oe 1.39 2.0 1.1 2.4 1.7 1.5 6 9 1.4 
Ts 10 10 10 20 20 10 10 10 10 10 
4.06 4.16 6.14 5.97 7.79 4.17 3.53 3.71 3.75 3.73 
a 1.3 1.1 1.1 3.0 .98 8 -78 1 5 
T;:P 10 9 10 
5.82 6.30 5.61 
1.0 1.57 
T3A 10 10 10 
5.71 5.43 5.94 
9 1.0 
10 9 10 
3.73 4.49 6.13 
1.09 2.07 
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slices hours following injection the hormones five differ- 
dosage levels into chicks treated with thiouracil (Fig. 1). was also 
more potent compound when potency was measured the integration 
duration and magnitude response molar equivalent amounts the 
‘wo compounds (Table 1). These results are agreement with those 
Newcomer (6) and Mellen and Wentworth (7) who reported more 
than preventing goiter thiouracil-treated birds. 

The maximal response (per 100 gm. body weight) was ob- 
hours after injection; that T;, hours after injection 
amount. Due the variation within groups birds points 
adjacent the peaks and due the general shapes the respective re- 
sponse curves, more judicious express the maximal response oc- 
curring within time interval hours for and hours for 
The decision compare all the analogues thyroxine hours was 
hased this justification. The response was therefore quicker and 
longer duration than that T;. The relatively rapid appearance and short 
duration the response of. muscle the chick compared 
with the mammal agreement with the findings Mellen (16) who re- 
ported the stimulating effects BMR persist for only few 
18) hours after withdrawal the hormone (in feed). indicated 
Table the response cardiac muscle subsided approximately 
hours following injection and that hours. 

The physiologic reason(s) for the reversal relative potencies and 
birds compared mammals (12), compared results utiliz- 
ing other criteria hormonal action such TSH release birds (4), not 
evident due the lack information concerning the actions and metabo- 
lism thyroid hormones the bird. The reason probably not due 
difference plasma protein-binding, catabolism excretion, since Tata 
and Shellabarger (17) reported the biological half-lives both and 
22.5 hours and the plasma protein binding affinities the same. 
Neither are the different potencies due number binding sites the 
target organ (heart tissue) affinity hormone binding sites evi- 
denced application the data obtained this study formula 
derived Stetten analogy that the Michaelis-Menton concept 
(20). When the dose hormone employed/response oxygen uptake 
muscle was plotted against dose, the regression curves for and 
were practically identical straight lines. 

interesting result this study that all the compounds tested 
exhibited some activity above that the thiouracil-treated birds. Since 
‘he relative potencies the compounds other than and are based only 
time interval hours following injection, entirely possible that 
ome these derivatives would have stimulated greater oxygen uptake 
had they been tested other time intervals. Special interest this regard 
associated with T;, and T,A which have been suggested being 
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peripheral hormones mammals (13, 14, 15). The responses oxygen up- 
take and hours following injection T;A, T;P and respectively are 
found Table each case the response obtained was greater than that 
due either the same time interval; the responses were not 
substantially different from those hours. This relatively rapid re- 
cient evidence itself for regarding any one these substances neces- 
sarily being peripheral hormone the bird the exclusion any the 
others. The evidence does indicate the relatively nonspecific nature the 
cardiac receptor sites. 

further interest the comparison the effects the various ana- 
logues oxygen uptake cardiac muscle the form the dose-response 
curve for each compound. many the cases the response was linearly 
proportional dose; the responses and were not 
proportional dose. The physiologic reason(s) for the forms (quadratic, 
and quartic) the dose-response curves which were not linear not 
evident from the available data although number instances the forms 
the curves were statistically significant. 

addition information concerning relative potencies (which involves 
comparison the responses one target organ two more 
substances), this study offers basis comparison the relative sensitiv- 
ity cardiac muscle with other target organs the chick. relative 


sensitivities meant comparison responses two (or more) target 


organs biologically equivalent doses such the amount hormone 
necessary maintain normal control value response two different 
target organs; this comparison could involve dissimilar units response. 

The fact that 0.01 gm. body weight stimulated the oxygen 
uptake ventricle slices above the value for normal controls indicates that 
the heart very sensitive small amounts this hormone. This sensitiv- 
ity more impressive when compared that inhibition TSH release 
from the pituitary the Dempsey-Astwood technique which has been 
frequently utilized estimating secretion rate. secretion rate 2.45 
2.9 ug. gm. body weight the Dempsey-Astwood method (16, 
18) taken representative figure for chicks the age employed this 
study, and assumed that the injection would have made 
every hours maintain oxygen uptake equal that the 
controls, the sensitivity the heart over 100 times greater than 
that the pituitary-thyroid axis. While there some inconsistency 
making this comparison due different experimental procedure, this 
difference supports the suggestion Newcomer (6) and Van Middlesworth 
al. (19) that the Dempsey-Astwood technique could give 
high value for the secretion rate. These data, however, should not 
construed suggest that the thyroxine secretion rate few hundredths 
ug./day either. final answer the problem what criterion 
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choose estimating secretion rate difficult since the choice 
nvolves many variables such dose, time, number receptor sites the 
arget, affinity receptor sites for the hormone, number biochemical 
teps involved ‘‘producing” the criterion measured, 
ate and/or inactivation hormone molecules the target organ. The 
nolecular action the cellular level remains demonstrated; 
that its action might not the same all target organs which 
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19-HY DROSTENE-3,17-DIONE 
INTERMEDIATE ESTROGEN 
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RALPH DORFMAN 


Worcester Foundation for Experimental Biology, Shrewsbury, Massachusetts and 
Division Steroid Research, Department Research Medicine, University 
Pennsylvania, Philadelphia, Pennsylvania 


ABSTRACT 


Incubation with human placental prepa- 
The 19-hydroxy steroid had previously been shown converted good 
estrone. This the first direct demonstration 19-hydroxylase 
tissue other than adrenal and more firmly establishes the 19-hydroxy deriva- 
tive intermediate the biosynthesis estrogens from androgens. 


THE course studies the pathways estrogen biosynthesis from 

testosterone and substance with the chemi- 
and physical properties was 
observed our laboratory and Ryan (2, 17). This substance, logical 
intermediate, has been shown converted estrogens good yield 
steroid producing tissues Meyer (3), Ryan (2, 17) and Gual al. (1). 
have now identified after the 
incubation with human placental cell- 
free preparation. 

MATERIAL AND METHODS 


preparation was obtained from human placentas method similar that 
Ryan (2, 17). Human term placentas were obtained immediately after delivery. After 
removal the connective tissue and fetal membrane, the placental tissue was washed 
with distilled water, dried between two sheets absorbent paper, weighed and homog- 
enized Waring blendor for one minute solution 1.15% These procedures 
were carried out One volume solution three parts tissue weight was 
used. The homogenate was then subjected differential centrifugation and the fraction 
obtained between 5,000 and 105,000 was resuspended phosphate buffer 
(pH 7). 

For each incubation one hundred steroid dissolved 0.1 ml. 
propylene glycol was added ml. microsomal suspension and the following sub- 
stances added: TPN (triphosphopyridine nucleotide), 4.6 moles, glucose-6-phosphate 
8.5 moles, and glucose-6-phosphate dehydrogenase, unit. The final volume was 
The incubations were carried out Dubnoff shaking incubator 37°+1° for 
hour, with air the gas phase. 
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Extraction the incubation mixture was accomplished with chloroform (2, 17). 
ome experiments silica gel column (the Davidson Chemical Corporation, mesh size 
200, parts silica gel, one part dry residue) was used remove the fat. The col- 
imn was prepared benzene and the residue applied the column benzene. The 
irst two benzene fractions were discarded, then the column eluted with ethyl-acetate, 
hloroform, acetone and methanol. other experiments the dried residue 
between 90% methanol and ligroin. 

The pooled methanol from the partition the solvents from the column elution were 
vaporated and the residues dissolved ml. toluene. The toluene was extracted 
times with ml. NaOH and twice with ml. water. The combined aque- 
phases were adjusted 8.7 and extracted three times with diethyl ether (4). 
ether was evaporated and the residues subjected eight transfer countercur- 
ent distribution NaOH according the procedure described Bag- 
al. (5). This procedure was carried out centrifuge tubes with the upper phase 
ransferred. 

For counting, suitable aliquots samples were poured vials (low potassium 
rylite) and evaporated dryness. Fifteen ml. toluene (special purity for scintilla- 
ion work, Matheson, Coleman and Bell) containing diphenyl-oxazole and 100 mg. 
per liter was added and counted Tri-Carb 
Liquid scintillation spectrometer, model 314 (Packard Instrument Company, All 
counts reported are corrected for background. 

The radioactivity paper chromatograms was recorded means Chromato- 

Paper separations were carried out 25°+1° the 
general method outlined Savard (6), Zaffaroni al. (7) and Bush (8) using washed 
Whatman No. paper. Four solvent systems were employed: ligroin saturated with 
propylene glycol; toluene saturated with propylene glycol (paper strips impregnated 
with methanol-propylene glycol (1:1); chloroform saturated with formamide (paper 
strips impregnated with formamide methanol 1:1); and 66% ligroin 34% benzene 
(mobile phase) and 80% methanol 20% water (stationary phase) for the Bush Sys- 
tem, B3. detect the different compounds the paper chromatograms, Turnbull’s 
blue reagent (mixture equal parts aqueous chloride and potas- 
sium ferricyanide 1%) was used for the substances, and ultraviolet absorption, 
Zimmermann reaction adapted for paper, and acid hydrazide (strong re- 
agent) (9) were used locate other compounds. 


EXPERIMENTAL 


The residue extract obtained after incubation 100 ug. 
(0.753 with placental microsome con- 
taining mg. nitrogen was applied paper 
and developed ligroin for hours, then toluene for hours. The 
radioactive compounds were detected radioautography. addition 
estrone and estradiol-178, four major radioactive zones were found. Zone 
‘emained the origin, absorbed ultraviolet light, gave brown color with 
Zimmermann reagent and yellow color and fluorescence with iso- 
acid hydrazide under ultraviolet light 365 further 
this material was done. 

Zone absorbed the ultraviolet region, gave purple color with the 


Obtained from New England Nuclear Corp., Boston, 
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Zimmermann reagent and yellow color and fluorescence with isonicotinic 
acid hydrazide. Its mobility, relatively low, was between that estradiol- 
and estrone and was identical that authentic sample 19- 
(18, 19) run the same chromatogram. 
Zone III absorbed ultraviolet light, gave brown color with the Zimmer- 
mann reagent, yellow color and fluorescence with acid hydra- 
zide. Its migration rate corresponded that testosterone. Zone 
absorbed ultraviolet light, gave purple color with the Zimmermann 
reagent, yellow color and fluorescence with acid hydrazide. 
Its migration rate corresponded that 

Zone was eluted and rechromatographed toluene for hours and 
its migration rate was again equal that 19-hydroxy-A‘-androstene-3, 
17-dione. One mg. unlabelled 
was added Zone and the material chromatographed four dif- 
ferent systems: ligroin-propylene glycol (48 hours); toluene-propylene 
glycol (12 hours) chloroform-formamide hours) and Bush System (B3) 
hours). all four systems the peak radioactivity corresponded 
exactly the position authentic sample 
stene-3,17-dione. The zones from the four chromatograms corresponding 
the 19-hydroxy steroid were combined and contained total 6,700 
additional mg. 19-hydroxy-A‘-androstene-3,17-dione was 
added and the mixture crystallized from acetone-ether constant specific 
activity. The activities for four successive recrystallizations were 
587, 661, 651, and 650 c./min./mg. respectively. 

The 19-acetoxy derivative 
was prepared, applied chromatographic paper (3.5 and 
developed the ligroin-propylene glycol system for hours. The radio- 
activity was associated with the compound which the basis mobility 
and infrared spectra had the properties 
dione acetate. Attempts crystallize this material failed. 

the radioactive material from Zone was indeed 
should, with the placental 
preparation, transformed radioactive estrone. test this possibility, 
1.1 mg. the compound from the fourth recrystallization was incubated 
with the placental preparation. After extraction, mg. carrier estrone 
was added. Fat from the residues was removed partition between ligroin 
and 90% methanol, followed silica gel column chromatography. The 
phenolic fraction obtained after partition between toluene and 
was purified eight transfer countercurrent distribution (5). The 
pooled phenolic fraction was applied cm. chromatographic paper 
and run Bush System for hours. The zone corresponding estrone 
was eluted and after crystallization from acetone-methanol yielded ma- 
terial having specific activity 131 Three recrystallizations 
yielded specific activities 131, 149, and 127 respectively. 
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DISCUSSION AND CONCLUSION 


The conversion steroids estrogens has been amply demon- 
(5, 11, 12) and the fact that the compound 
‘ermediate estrogen biosynthesis strongly indicated (1, 3). has 
been demonstrated for the first time that incubation using 
placental preparation with the sub- 
with the placental system, Ryan (2) observed product 
appeared have the properties 
dione the basis mobility paper chromatographic system, Zimmer- 
mann positive test, and ultraviolet absorption. 

The presence the 19-hydroxylase placenta tissue has been demon- 
strated. Previous direct demonstrations for this enzyme system have impli- 
only the adrenal gland. (13) 
and (10, 14, 15, 16) were isolated 
from adrenal incubations using the corresponding steroids without 
19-hydroxyl group and progesterone perfused through bovine adrenals 
19-hydroxy-11-desoxycortisol and 19-hydroxydesoxycorticosterone 
(16). evidence for 19-hydroxylase testis, ovary and placenta 
was based the overall conversion compounds estrogens. 
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STUDIES THE EFFECT OMEGA-METHYL- 
PANTOTHENIC ACID CORTICOSTERONE 
SECRETION THE RAT 


DAVID GOODMAN 


Endocrinology Branch, National Cancer Institute, National 
Institutes Health, Bethesda, Maryland 


ABSTRACT 


Adrenal venous blood was collected from acid deficient rats, 
and the rate secretion corticosterone, the predominant corticosteroid 
the rat, was determined. decrease corticosterone output was demonstrated, 
which occurred before the development the adrenal necrosis 
typical pantothenic acid deficiency. acid also 
produced significant reduction corticosterone secretion, which was reversible 
over hour period pantothenic acid. Chronic administration ACTH 
blocked the inhibitory effect acid cortico- 
sterone secretion. acid did not produce hemorrhagic 
adrenal necrosis, even rats which tendency had been pro- 
duced treatment with sodium warfarin. 

The potentialities acid pharmacologic 
agent for the suppression destruction the adrenal cortex are discussed. 


necrosis the fasciculata and reticularis the 
adrenal cortex known occur the pantothenic acid deficient 
rat (1-3). There indirect evidence relative insufficiency the adrenal 
cortex this deficiency state (4, and direct studies corticosteroid 
secretion appear confirm this. has been demonstrated that the ad- 
renals pantothenic acid deficient rats, when incubated vitro, secrete 
reduced amount A4-3-ketosteroids (6). Longwell al. (7) found that 
rats fed pantothenic acid deficient diet supplemented with 
pantothenic acid, there was reduced corticosterone output 
adrenal vein cannulation. Eisenstein and Wenneker (8) placed guinea 
pigs similar regimen and demonstrated failure these animals re- 
spond ACTH with normal rise urinary 
excretion. 

Omega-methylpantothenic acid, analogue pantothenic acid, causcs 
retardation growth the mouse (9) and the rat (10, 11), effect 
which both preventable and reversible the administration 
cient amounts pantothenic acid. The potentialities omega-methy 
pantothenic acid inhibitor adrenal function have yet 
vestigated. The impairment adrenal function found animals fed 
pantothenic acid deficient diet plus this antagonist, compared with 
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diet containing pantothenic acid (7, 8), may have been due the 
antothenic acid deficiency per se, with the antagonist contributing noth- 

this impairment. 

Moreover, one cannot assume priori that because omega-methylpanto- 

acid antagonist acid with regard growth that 

will also interfere with the role the vitamin adrenal function; for 

given metabolite may interfere with some the biologic 
the metabolite without affecting others, phenomenon 
many examples can cited particularly relevant ex- 

nple the pantothenic acid antagonist pantoylaminoethanethiol, which 
retardation growth the rat that preventable the ad- 
the vitamin, yet does not produce any the histologic 
the adrenal that are characteristic pantothenic acid defi- 
(15). 

was the primary purpose this investigation observe the effects 
omega-methylpantothenic acid rat adrenai function and histology 
and compare them with the effects acid deficiency. Sec- 
ondly, the effect combined administration omega-methylpantothenic 
acid and ACTH was studied. Third, the possibility was explored that the 
production hemorrhagic tendency with sodium warfarin would inten- 
sify any hemorrhagic adrenal damage that might induced the panto- 
thenie acid antagonist. 


MATERIALS AND METHODS 


Male Holtzman rats, housed individually cages, were used all 
experiments. 

The pantothenic acid deficient diet employed (to which pantothenate 
and omega-methylpantothenate were added where specified) contained the fol- 
lowing components per 100 gm. diet: sucrose, gm.; casein (Nutri- 
tional Biochemical Corp.), gm.; vegetable oil, gm.; USP salt mixture No. gm.; 
vitamin 2,000 units; vitamin 220 units; a-tocopherol, 11.0 mg.; inositol, 11.0 mg.; 
choline chloride, 165.0 mg.; menadione, 5.0 mg.; p-amino acid, 11.0 mg.; nia- 
cin, 10.0 mg.; riboflavin, 2.2 mg.; pyridoxine hydrochloride, 2.2 mg.; thiamine hydro- 
chloride, 2.2 mg.; biotin, folie acid 200 and vitamin 3.0 ug. 

The omega-methylpantothenic acid was administered calcium 
pantothenate.! 


Obtained from California Foundation for Research, Los Angeles, 
California (Lot 090960). 

Because not all lots this analogue are active pantothenic acid antagonists (16), 
the the lot used these experiments was determined both bacteriologic 
rat growth assay. The inhibition ratio for Lactobacillus arabinosus 8014 for 50% 

growth measured turbidimetrically hours was 1,000:1 for panto- 
henie acid levels 0.1 amd 0.2 per tube. For gm. rats lib diet 
0.3 mg. pantothenic acid per 100 gm., the ratio omega-methylpantothenic 
cid acid necessary cause significant retardation growth over 
period was 450:1. The inhibition both bacterial and rat growth was preventable 
the addition more acid. 
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all the experiments described, the control animals were daily 
pair-fed the experimental animals (deficient antagonist-treated) soon tle 
latter developed anorexia. 

the studies pantothenic acid deficiency, gm. rats were fed 
acid deficient diet and control animals were pair-fed the same diet which was adde 
mg. pantothenate per 100 gm. About the fiftieth day, when the deficiert 
animals were manifesting considerable growth retardation and other gross 
adrenal vein cannulation was performed. 

one study the effect omega-methylpantothenic acid, rats weighing 
received diet containing 0.3 mg. pantothenic acid and 0.5 gm. 
acid per 100 gm., while controls were pair-fed the same diet devoid the antago- 
nist. Adrenal vein blood was collected the 18th day. 

Another study the effect omega-methylpantothenic acid and its reversibility 
pantothenic acid was designed follows: 50-60 gm. rats were placed pantothenic 
acid deficient diet containing 0.75 gm. antagonist per 100 gm. and control animals were 
pair-fed the same diet without the antagonist. About the 11th day, adrenal vein cannu- 
lation was performed half the antagonist-treated animals and their pair-féd con- 
trols. that day the other animals received injection mg. panto- 
thenate 1.0 ce. distilled water subcutaneously and adrenal vein blood was collected 
hours later. (It was noted that considerable necrosis occurred the site the injec- 
tions but this was equal extent antagonist-treated and control animals.) 

the studies the combined effects ACTH and acid, 
diets and the duration the experiments were the same the preceding study. 
ACTH was given half the antagonist-treated and untreated rats according one 
the following two regimens: ACTH (Armour) units 0.1 saline 
times daily starting day before the start the antagonist, plus units saline 
subcutaneously minutes before cannulation. ACTH units 0.1 beeswax 


peanut oil suspension subcutaneously daily starting days before cannulation, plus 


units saline subcutaneously minutes before cannulation. 

the study the effect combined treatment with omega-methylpantothenic 
acid and anti-coagulant drug, the diets and the duration the experiment were the 
same the preceding study, but both antagonist-treated and untreated rats were 
given .02 mg. sodium warfarin intraperitoneally daily for 4-5 days before sacrifice. 
Production hemorrhagie tendency the last day warfarin administration was 
demonstrated the development large hematomas the sites subcutaneous 
saline injections (0.5 The hemorrhagic tendency was reversed the administration 
mg. vitamin oxide and mg. menadione intraperitoneally hours 
before sacrifice. Antagonist-treated rats not receiving warfarin were run simultaneously 
for comparison. 

Adrenal vein blood was collected for minutes under ether anesthesia without 
previous fasting. The cannulation procedure employed was similar that 
al. (7) except that the major tributaries the left renal vein and the left 
vein were ligated. Following the collection the animal was sacrificed, the right 
fixed for histologic examination and the left adrenal weighed. 

The adrenal vein plasma concentration corticosterone, the predominant cort 
costeroid the rat, was then measured slight modification the method 
son (17, 18). This involved extraction 0.05 cc. plasma with methylene 
ride; extraction ec. aliquot the methylene chloride with 1.5 37:63 ethano 
sulfuric reagent; and measurement the fluorescence the latter hours later 
Farrand fluorometer (the following filter combinations being used: primary 
436 and No. 5513 Corning glass filter; secondary filters 521 interference and No. 
Corning glass filter). Corticosterone standards containing 0.2 and 0.4 per ce. were 
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TABLE 1. ADRENAL CORTICOSTERONE SECRETION IN PANTOTHENIC ACID DEFICIENCY 


Pair-fed the deficient diet plus mg. acid per 100 gm. diet. All animals 
liets for average days. 

+Standard error. 

Difference from group statistically significant, <0.01. 


read with the unknowns and all determinations were done duplicate. This method has 
been demonstrated Peterson, means isotope dilution technique, spe- 
for corticosterone rat adrenal vein plasma and give recovery about 
95% (18). 

The right adrenal glands, after fixation Baker’s formol solution followed Bouin’s 
solution, were embedded paraffin and semi-serial sections one-half each gland 
were made every 150 micra which were stained with hematoxylin-eosin. 


RESULTS 
Effects Pantothenic Acid Deficiency 


Rats the pantothenic acid deficiency state secreted 47% less adrenal 
corticosterone than did pair-fed control rats, seen Table Adrenal 
necrosis was seen microscopically only the deficient rats. one 
considers only those rats which adrenal necrosis had not yet developed 
(Table corticosterone secretion was still 42% less than the controls. 

The adrenals the pantothenic acid deficient rats were characteristi- 
cally greyish-purple color compared the light pink seen the con- 
trols. those deficient animals which adrenal necrosis did not occur, 
histology the adrenal fasciculata and reticularis differed from that the 
control animals primarily that there was almost complete absence the 
normal vacuolization the cytoplasm. 


Effects Omega-Methylpantothenic Acid 


Rats placed diet containing 0.0003% pantothenic acid and 0.5% 
omega-methylpantothenic acid for days secreted 39% less corticosterone 
than did rats pair-fed the same diet devoid antagonist (Table 3). 


TABLE 2. ADRENAL CORTICOSTERONE SECRETION IN PANTOTHENIC ACID DEFICIENCY 
DURING THE PRE-NECROSIS PERIOD 


Left adrenal Corticosterone 


Difference from group statistically significant, <0.01. 
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TABLE ADRENAL CORTICOSTERONE SECRETION RATS TREATED WITH OMEGA- 
METHYLPANTOTHENIC ACID 


Antagonist 
Untreated 


100 gm. diet pantothenic acid mgm. per 100 gm. Animals were diet for days. 
Average daily intake acid was 400 mg. per kg. body weight. 
Difference from group statistically significant, <0.01. 


Similarly, rats receiving pantothenic acid deficient diet containing 
0.75% omega-methylpantothenic acid for days secreted 46% less corti- 
costerone than did rats pair-fed the same diet without antagonist (Table 
Groups and B). the same experiment, however, those antagonist- 
treated animals which received pantothenic acid injections the 11th 
day, with cannulation the adrenal vein hours later, did not differ sig- 
nificantly rate corticosterone secretion from their controls (Groups 
and D). The difference between the corticosterone output the antago- 
nist-treated rats which received pantothenic acid and 
those which did not statistically significant. 

the experiment just described the adrenals all the antagonist- 
treated animals which had not received pantothenic acid were greyish- 
purple color. adrenal hemorrhage necrosis was observed micro- 
scopically, but there was decrease vacuolization most 
these animals. Normal color and normal vacuolization were noted antag- 


onist-treated animals which had received pantothenic 


TABLE EFFECT ADMINISTRATION PANTOTHENIC ACID HOURS EARLIER 
ADRENAL-INHIBITORY EFFECT OMEGA-METHYLPANTOTHENIC ACID 


No. Weight Left adrenal Left adrenal 


Corticosterone 


rats weight (mg.) min. /adrenal) 

Antagonist 

Antagonist 

(750:0)** plus 

pantothenic acid 10.7+0.7 0.028 0.24+ 
Untreated (0:0) 

plus pantothenic 

acid 12.0+1.4 0.028 .04 


Figures parentheses indicate ratio acid mg. per 100 
gm. diet pantothenic acid mg. per 100 gm. Groups and were diet for days, 
and groups and for days. 

Average daily intake omega-methylpantothenic acid was 500 mg. per kg. body 
weight. 

Difference from group statistically significant, <0.01. 


Figures parentheses indicate ratio omega-methylpantothenic acid mgm. per 
| 


March, ANTAGONIST AND ADRENAL 425 


Effects ACTH plus Omega-Methylpantothenic Acid 


Antagonist-treated rats and control rats which received massive doses 
ACTH for 5-13 days before cannulation, had similar corticosterone 
secretion rates (Table Groups and B). contrast, the previously 
demonstrated difference corticosterone output between antagonist- 
and control rats was evident those groups the same experi- 
nent which did not receive ACTH (Groups and D). evidence ad- 
enal necrosis was found this series gross examination. 


Sodium Warfarin plus Omega-Methylpantothenic Acid 


Induction hemorrhagic tendency with sodium warfarin rats 
with acid for days failed result 
histologic changes not seen rats treated with the antagonist 
alone. The previously described adrenal cytoplasmic changes were evident, 
but hemorrhagic damage was observed. 


DISCUSSION 


The results the first part this study confirm the findings Longwell, 
al. (7) that pantothenic acid deficiency the rat there reduced 
adrenal secretion corticosterone, under the conditions described. ad- 
dition was demonstrated that the decrease corticosteroid synthesis 
preceded the development adrenal necrosis. 

The studies acid clearly indicate that this 
antagonist per impairs adrenal biosynthesis corticosterone. The 
ready reversibility pantothenic acid this impairment indicates that 
due specifically interference the antagonist with pantothenic 
acid metabolism. The importance pantothenic acid adrenal metabo- 


TABLE COMBINED TREATMENT WITH ACTH AND OMEGA-METHYLPANTO- 
THENIC ACID CORTICOSTERONE SECRETION 


Antaongist 

Untreated (0:0) 

Antagonist 

(750:0) 0.021 0.12+ .06 


0.031 


Figures parentheses indicate ratios omega-methylpantothenic acid mg. per 
100 gm. diet pantothenic acid mg. per 100 gm. Animals were diet for days. 

Three rats group and Group received units ACTH (Armour) saline 
daily from day before the antagonist was begun until cannulation, plus units saline 
minutes before cannulation. The remainder received units ACTH beeswax-peanut 
oil suspension daily for days before cannulation plus units saline minutes before 
cannulation. 

Difference from group statistically significant, <0.01. 

Difference from group not statistically significant, 


) 
: 
« 
| 
i 
| 
| 
q 


426 DAVID GOODMAN Volume 


lism thought due the fact that constitutes moiety co- 
enzyme (19) which known factor the synthesis steroids 
from acetate (20). Presumably omega-methylpantothenic acid interferes 
with adrenal steroid synthesis interfering with either the formation 
function coenzyme 

The failure acid cause adrenal necrosis 
may have been due the brief period administration. Even complete 
blockage the synthesis indispensable compound were effected 
the antagonist, minimum amount time would have elapse before 
existing stores the essential compound were depleted below the level 
required for cell viability. this true, agent which could increase the 
turnover rate the essential substance might speed the development 
adrenal necrosis the antagonist-treated animal. These considerations 
led the study the influence large doses ACTH the effective- 
ness the antagonist. appeared particularly promising approach 
view the finding Schultz al. that ACTH administration intensified 
the adrenal necrosis pantothenic acid deficiency (3). 

The antagonist-treated animals which received ACTH did not develop 
adrenal necrosis. That they put out significantly more corticosterone than 
did the antagonist-treated animals which did not receive ACTH, could 
accounted for one the following possibilities: The ACTH prepara- 
tion may have contained sufficient pantothenic acid block the effect 
the Under intense ACTH stimulation synthesis coenzyme 
some other key metabolite may proceed metabolic route not 
blocked omega-methylpantothenic acid; Partial insufficiency 
endogenous ACTH production may contribute the decreased corti- 
costerone secretion seen the antagonist-treated animals and this would 
would compensated for the administered ACTH. This last alterna- 
tive seems least likely view the findings normal blood and pituitary 
ACTH acid deficient rats (21). 

Production hemorrhagic tendency with warfarin seemed possible 
means precipitating hemorrhagic adrenal necrosis antagonist-treated 
rats, particularly view the fact that spontaneous de- 
struction the adrenals occasionally occurs patients receiving anti- 
coagulant drugs (22). Failure warfarin affect the adrenal this study 
may have been due the fact that the omega-methylpantothenic acid had 
yet produce any early adrenal hemorrhagic changes. 

The demonstration that omega-methylpantothenic acid has inhibi- 
tory effect adrenal cortical function suggests that might prove useful 
pharmacologic agent for the suppression destruction normal 
neoplastic adrenal tissue. Search for agent that would increase the 
vulnerability the adrenal this antagonist might consititute particu- 
larly rewarding approach. 
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COMPENSATORY ADRENAL HYPERTROPHY 
POSSIBLE CAUSE METACORTICOID 


Research Division, Cleveland Clinic Foundation and Frank Bunts 
Educational Institute, Cleveland, Ohio 


ABSTRACT 


Desoxycorticosterone acetate (DCA), cortisone cortisol elicited hyperten- 
silon which, after discontinuation treatment, persisted only the DCA- 
treated group. This self-sustained hypertension not dependent upon adrenal 
hypertrophy subsequent compensatory adrenal atrophy, nor the presence 
renal lesions. 

DCA and cortisol, but not cortisone, caused nephrosclerosis; similar lesions 
accompanied massive myocardial hemorrhages and necroses were obtained 
with ACTH but only after cortisone pretreatment. 


INCE adrenal regeneration causes hypertension (1), has been postu- 
lated (2) that the adrenal hypertrophy subsequent steroid-induced 
atrophy may pathogenic significance the establishment meta- 
corticoid hypertension (3). The present experiments, which used 
desoxycorticosterone (DCA), cortisone and cortisol, were devised test 
this hypothesis. The role adrenal hypertrophy was further investigated 
treatment with ACTH following discontinuation steroid therapy. 


METHODS 


Female Sprague-Dawley rats weighing 111 gm. were uninephrectomized and 
uniadrenalectomized; the purpose the latter was accentuate contralateral 
hypertrophy. DCA, cortisone and cortisol were tested respectively 
series. Each series consisted groups rats which received the same 
treatment during the first days. Then differences treatment were follows: 
the first group, treatment was continued until the 30th day; the second group was 
without any further treatment; the third group was killed the 16th day, and the fourt! 
group received ACTH during the following days. Thus, all rats except those the 
third group were sacrificed the 30th day, including those untreated control group 
Steroids were administered acetates saline suspensions the daily dosage mg. 
(DCA), 2.5 mg. (cortisone), and mg. (cortisol). The daily dose ACTH (Depo-ACTH 
Upjohn) was units. Drinking fluid consisted NaCl solution and food was Purin: 
fox chow. Blood pressure was measured twice weekly tail plethysmography (4). 
the end the experiment tissues were fixed Susa fluid, weighed and prepared 

histological examination. 
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TABLE PHYSIOLOGIC AND MORPHOLOGIC EFFECTS ASSOCIATED WITH ADRENAL RECOVERY 
FOLLOWING DISCONTINUATION STEROID TREATMENT* 


| Treatment Final Final | Organ weights in per cent of body weight 
| day | day | (gm.) | (mm.Hg.) (gm.) } (gm.) | (mg.) 
I 7 DCA DCA 139+ 9.9 | 2204+ 7.47 | 1.11+ .064 | .42+ .028 | 18.5+1.58 
II 7 DCA 0 144+ 9.9 | 222+ 5.16 | 1.00+.072 | .45+.028 | 16.9+1.17 
Ill | 6 | DC! | 130+ 7.06 | 166+ 3.18 | .93+ .031 .38+ .012 | 14.1+ .88 
IV | 5 DCA | ACTH 133+ 7.88 | 191+10.46 | 1.07+ .126 | .40+ .033 | 27.5+2.82 
- A 10 Cortisone Cortisone 128+ 4.9 157+ 6.5 | .69+.010 | .40+.014 6.4+0.69 
) 9 | Cortisone | 0 154+ 5.4 | 131+ 5.7 | 60+ .009 .32+ .007 | 14.4+0.44 
VII | 10 Cortisone | 94+ 4.3 160+ 6.3 | 85+ .014 | .45+ .013 6.9+0.44 
Va | 5 Cortisone | ACTH 156+14.1 | 144+ 9.0 | 73+ .037 .35+ .019 | 20.64+1.55 
IX 8 Cortisol | Cortisol } 914 5.1 | 161+ 6.2 94+ .035 | .45+ .02 6.5+ .6 
XI 10 Cortisol 1ll+ 3.3 153+ 4.3 | .72+.015 | .34+ .007 5.2+ .23 
XII 10 | Cortisol | ACTH 123+ 4.8 138+ 5.2 | -80+ .024 | .38+ .014 | 17.1+ .72 
* Values indicated are means + standard error. 
RESULTS 


(Table Fig. 1.) Effects DCA (Groups I-IV). During DCA treat- 
ment the majority rats rapidly became hypertensive that the 15th 
day, mean blood pressure averaged about 180 mm. with range 
145-210 mm. Hg. that time, rats Group III were sacrificed; them 
showed nephrosclerosis but splanchnic arteritis. comparison with 
the control Group XIII, kidneys and hearts were larger; the adrenals were 
only slightly 

Continuation treatment (Group increased blood pressure further 
until averaged 220 mm. the 30th day. Discontinuation treat- 
ment (Group substitution ACTH for DCA (Group IV) resulted 
about the same degree hypertension and nephrosclerosis and increase 
kidney and heart weights Group Adrenal weights were normal 
Group and but almost twice normal after ACTH. 
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Effects Cortisone (Groups Cortisone caused initial loss 
body weight, followed slow increase; discontinuation 
during ACTH treatment there was rapid recovery normal growth 
Three rats the ACTH group died. Cortisone produced rise 
blood pressure which appeared earlier, but was not great when 
was used; the maximum, reached the 15th day, persisted 
the experiment. remitted completely discontinuation treatmen 
but only partially with ACTH. 

Heart weights the cortisone treated groups were greater than con- 
trols; they regressed normal values discontinuation treatment. 
the survivors the ACTH group, mean heart weight was only slightly 


and Tissues from rats treated with ACTH following pretreatment with 
cortisol. Fig. Kidney showing severe nephrosclerosis— 55. Fig. Heart showing 
the center large necrotic and hemorrhagic area— X55. 


increased; however, the that died, weights reached values 0.45 
gm. per 100 gm. body weight. 

Adrenal weights that were markedly depressed cortisone 
partially following cessation treatment; following ACTH, they were 
slightly larger than normal. 

The only lesions were seen the ACTH group where nephrosclerosis 
was present rats (Fig. 2), including the that died. These anima!s 
times showed pressures near 200 mm. during ACTH 
microscopic examination, the hearts these animals showed massive 
hemorrhages, myocardial necrosis hyalinization, and 
(Fig. 3). 

Effects Cortisol (Groups The effects body weight, 
pressure, kidney, heart and adrenal weights were essentially the same 
similar those found the cortisone experiment except for more 
tained inhibitory effect growth and adrenal weights. Adrenals did not 
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show any recovery discontinuation treatment, while blood pressure 
returned almost normal; adrenal weight was restored ACTH. con- 
trast with the animals treated with cortisone, examination 
Group and rats Group XII; there were none Group 
killed the 16th day. The lesions consisted focal fibrinoid necrosis the 
glomerular tuft, extensive exudate sub-capsular glomerular space, tubu- 
lar dilatation and casts. These lesions were more severe the ACTH 
treated group. Hearts these animals showed slight lesions arteriolone- 
crosis; there was arteritis. 


DISCUSSION 


These experiments demonstrate unequivocally that metacorticoid hyper- 
tension does not depend compensatory adrenal hypertrophy. was 
present only DCA-treated rats, which did not show adrenal regeneration 
because DCA did not cause adrenal atrophy. was absent the cortisone 
cortisol groups which adrenals returned control size (cortisone) 
remained atrophic (cortisol). was also not dependent the presence 
steroid-induced anatomical renal lesions; while post-DCA hypertension can 
take place absence definite renal lesions (5), sustained hypertension 
was observed following withdrawal cortisol treatment which caused 
macroscopic nephrosclerosis. Finally, since metacorticoid hypertension was 
observed after DCA but not after cortisone (6) cortisol treatment, 
can assumed that DCA elicits permanent impairment the mechanisms 
responsible for the maintenance normal blood pressure. This further 
evidence that mineralo-corticoid and gluco-corticoid hypertensions have 
different basic mechanisms. 

The presence nephrosclerosis rats treated with cortisol and those 
receiving ACTH following cortisone one hand, and the absence lesions 
with cortisone and lack effect ACTH after DCA cortisol the 
other, emphasize the elusive effects these agents. Although there agree- 
ment that cortisone and cortisol elicit hypertension, renal and vascular 
lesions are usually absent ACTH has long been considered 
ineffective causing experimental hypertension (12); however, severe 
hypertension (1, 13) and arteriosclerosis (14) have been reported recently. 
These observations demonstrate that the conditions required obtain 


definite cardiovascular effect with these hormonal agents still remain un- 
defined. 
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RELATIVE SENSITIVITY DIFFERENT BIOLOGICAL 
RESPONSES 


EDWARD EVANS, LAWSON ROSENBERG 
AND MIRIAM SIMPSON 


The Institute Experimental Biology and The Department Anatomy, 
University California, Berkeley, California 


ABSTRACT 


Different groups female rats surgically thyroidectomized days 
age were injected with doses varying from 0.25 daily for 
days. dose 0.5 was required maintain body growth while doses 
greater than and less than were required maintain rates 
levels normal for the age. Red cell volume was normal and but the 
lower doses there was prevention the anemia which follows thyroid- 
ectomy. Pituitary acidophils were normal whereas the basophils re- 
quired between and for prevention hyperplasia and hypertrophy. The 
ovaries were normal structure and weight The adrenals were normal 
only after the administration the higher doses needed for maintenance 
calorigenesis. These findings reemphasize the differential biological effective- 
ness thyroxine. 


COW and Simpson, their study thyroidectomy the newborn rat, 
noted that the rate small number incompletely thy- 
roidectomized rats was not markedly different from that completely 
thyroidectomized rats, yet the animals grew rate nearly half that 
normal Recently, this observation has been confirmed large num- 
her incompletely thyroidectomized rats the present authors. 
assumed that the subnormal growth these animals reflected the partial 
maintenance pituitary acidophils, and hence growth hormone produc- 
tion, low levels thyroxine, then the reports Griesbach and Purves 
suggest explanation (2, 3). They found that normal pituitary acidophil 
morphology could maintained thyroidectomized rats one fifth the 
dose thyroxine necessary maintain pituitary basophils. fact, 0.25 
ug. per 100 gm. body weight for four weeks prevented 
degranulation half the acidophil population with little effect the 
characteristic enlargement and vacuolation the basophils which occurs 
after thyroidectomy. 

The present experiment was designed reexamine, systematically, the 
efficacy thyroidectomized rats graded doses 1-thyroxine main- 
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taining calorigenesis, body growth, and pituitary and target organ weight 
and morphology. Since has been the experience this and other labora- 
tories that intimate relationship exists between oxygen requirements 
and erythropoiesis (4, 6), the degree maintenance red cell volume 
these animals was also studied. 


MATERIALS AND METHODS 


Fifty female rats the Long-Evans strain were surgically thyroidectomized 
days age and divided into five equal groups the same body weight. The rats four 
groups were injected intraperitoneally, beginning the day operation and continuing 
daily for days, with sodium t-thyroxine alkaline solution the levels 0.25, 0.5, 
and One group thyroidectomized and group six normal rats the 
age and weight were maintained uninjected controls. All rats were fed 
diet natural foodstuffs.2 Room temperature was 76+1° 

The rats were weighed every eighth day and body lengths were measured 
and terminally (tip nose tip tail). Metabolic rates were determined 
prior thyroidectomy and every days thereafter, with closed circuit respiration 
apparatus, consisting eight chambers, which was patterned after that described 
Kleiber (7). order control variations incident time day night this noc- 
turnal animal, the metabolic rates were measured simultaneously for representatives 
all groups. The rats were fasted four hours, then allowed adjust the temperature 
the apparatus (30+0.1° for one hour prior oxygen consumption measurements. 
The liters oxygen consumed per rat over 2.5 hour experimental period were converted 
into calories per hour the factor 4.80. The calories per hour per square meter body 

surface were calculated Benedict’s formula for the rat: 


10,000 


Area 


The rate described the standard metabolic rate and not the basal meta- 
rate defined for human beings. 

day the blood volume each rat was determined the tagged red 
dilution method (8) which consists essentially the measurement the dilution 
radioactivity injected tagged red cells (0.03 0.1 ec. whole blood) the cir- 
culation recipient rats. The red cell volumes were the blood 
volume the hematocrit which was determined simultaneously. The results 
sented terms ml. red blood cells per 100 gm. final body weight. Hemoglobin 
concentrations were determined the method Turner (9) and the results are ex- 
pressed gm. hemoglobin per 100 ml. 

The animals were not exsanguinated routine determination blood volume; 
instead, 1.25 ml. sample blood was withdrawn from the external jugular vein. The 
rats were then immediately injected intraperitoneally with one microcurie fo: 
checking the completeness thyroid removal. Twenty hours later the rats were sacri 
ficed and the entire ventral neck region was placed vial, and the 


This diet consisted 67.5% wheat, 15% casein, 7.5% skim milk powder, 
hydrogenated vegetable oil, fish oil, 0.75% NaCl, 1.5% CaCOs, added 
1.0 iodide per gram diet). addition the rats were fed lettuce once weekly. 

series experiments employing large numbers surgically 
rats, done collaboration with Dr. Alvin Taurog, the entire developmental path th: 
thyroid was after the injection This continuous tissue mass which 
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determined directly scintillation counter. The difference between radioactivity per 
minute and that equal mass leg musculature gave the counts per minute taken 
any thyroid remnant. The uptake was then expressed the percentage the 
total quantity radioactivity administered. All rats which tissue from the neck 
region incorporated more than 0.33% that the comparable region the normal rat 
were considered incompletely thyroidectomized and rejected. should pointed out 
that this criterion for completeness thyroidectomy not adequate for the highest 
dosage thyroxine, due inhibition the iodide concentrating activity remaining 
thyroid fragments. 

autopsy the pituitary, ovaries, uterus, adrenals and thymus were removed from 
each rat and weighed. The pituitaries were fixed sublimate-formol (9:1) and after 
nitrocellulose embedding were sectioned four micra horizontal plane. Representa- 
tive sections from three levels the gland were stained the acid-Schiff-iron 
hematoxylin-orange technique. The ovaries were fixed Bouin’s fluid, embedded 
paraffin, sectioned serially eight micra and stained with hematoxylin and eosin. The 
adrenals were fixed 10% formol, embedded gelatin, sectioned ten micra with the 
freezing microtome and stained with Sudan black. 


RESULTS 
Growth 


The body weight increases and final body lengths rats the different 
groups are shown Figure The growth the untreated thyroidecto- 
mized rats had almost ceased days after the operation. The lowest dose 
thyroxine (0.25 supported nearly normal growth throughout the ex- 
perimental period. the 0.5 ug. level growth was definitely within normal 
limits. This maintenance growth such low levels thyroxine re- 
markable, particularly since the dosages were held constant and not ad- 
justed the increasing body weight. was concluded that 0.5 ug. thy- 
roxine daily was necessary maintain normal growth for days from the 
time thyroidectomy days age. 


Calorigenesis 


The results growth were marked contrast those heat produc- 
tion shown Figure Metabolic rate was considerably below normal 
all dosages thyroxine except Terminally there was little differ- 
ence between the metabolic rate the thyroidectomized controls and the 
rats receiving 0.25 and 0.5 thyroxine. was concluded that doses 


cluded the base the tongue, hyoid bone, pharynx, larynx, trachea, oesophagus, pre- 
trachial muscles, thymus, heart, root lungs, and all adherent tissues was divided into 
counting vials and the concentration each region determined scintillation 
counter. concentrating tissue rats which were incompletely thyroidectomized was 
only found the thyroid region the neck and was invariably associated with the 
presence thyroxine the plasma revealed chromatography. Based these 
results, the region taken for determination completeness thyroidectomy the 
present experiment allowed wide margin safety. 
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SIMPSON Volume 


Final Body 
Length (cm) 


378 
37.1 


Normal 
Control 


250 


364 
35.2 


uo 


Body Weight 


125 T Control 29.7 OS 


100}- 


T 28 days of age 


Day Injection 


Degree maintenance body growth thyroidectomized rats graded 
doses The number rats each point these curves was the same 
the final numbers shown Table The reduction numbers from the original groups 
ten was due the exclusion rats with iodide concentrating tissue. The combined 
initial body length all rats shown this figure was 25.0+0.2 em. 


thyroxine greater than and less than were required maintain 
metabolic rate normal levels for days. 


The degree maintenance red cell volume the various groups 
shown Table was surprising that the 0.25 and 0.5 doses thy- 


TABLE 1. DEGREE OF MAINTENANCE OF HEMATOLOGICAL VALUES OF 
THYROIDECTOMIZED RATS BY GRADED DOSES OF L-THYROXINE 


Final 


Red cell 


Dose Total 
— ane No. of | body Hemoglobin, | Hematocrit | blood volume, 
rats weight, | gm./100 ml. % volume, ml /100 gm. 

T Injected | 0.25 | ‘f | 231+11* } 12.540.2 39.3+0.7 10.80+0.35 1.84+0.05 
| 0.5 4 240+10 13.0+0.3 40.0+1.3 10.86+0.51 1.80+0.06 
| 1 5 245+ 7 12.9+0.4 | 41.8+0.8 12.60+0.79 2.15+0.10 
| 5 | 8 | 248+11 13.4+0.3 | 42.8+1.0 | 12.62+0.43 2.19+0.16 

T Control | 7 131+ 4 11.8+0.3 36.2+0.9 6.62+0.28 1.83 +0.08 

N Control — | 6 258+ 7 13.4+0.5 45.0+1.3 | 11.84+0.54 2.06+0.09 


* Figures preceded by + in the tables are the standard ¢ 


errors of the means. 
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Degree maintenance calorigenesis thyroidectomized rats graded 
doses The number rats each point these curves was the same 
the final numbers shown Table The vertical bars extending from the points the 
curves represent the standard errors the means. 


roxine had ameliorative action the characteristic decrease red cell 
volume which occurs after thyroidectomy, since these levels did maintain 
calorigenesis some extent. was concluded that ug. thyroxine was 
required for maintenance normal red cell volume for days. 


Endocrine organs 


The pituitaries rats receiving 0.25 ug. thyroxine showed limited 
maintenance acidophils and prevention the hyperplasia and hyper- 
trophy the basophils. There was only slight improvement the ante- 
rior lobe after the administration 0.5 ug. thyroxine. The pituitaries 
rats receiving contained normal numbers well granulated acidophils. 
The basophils were still increased number; however, they were less 
swollen, showed little vacuolation, stained more intensely, and con- 
tained fewer granules. ug. the anterior lobe was normal ap- 
pearance. The deficient pituitary weight, which characterizes the rat thy- 
roidectomized when immature, was improved all doses thyroxine 
(Table 2). was concluded that thyroxine daily was necessary for 
maintenance acidophils for days. Partial maintenance basophils 
was definite but doubtful below this level. 

The ovaries the untreated thyroidectomized rats contained few old 
corpora lutea different ages, indicating that occasional ovulation had 
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TABLE 2. DEGREE OF MAINTENANCE OF ENDOCRINE ORGAN WEIGHTS OF THYROIDECTO- 
MIZED RATS BY GRADED DOSES OF L-THYROXINE 


| | | Final | | | 20 hr 


| No. of | body | Pituitary, Ovaries,| Uterus, | Adre- |\Thymus, | I"! uptake* 
Group rats weight, mg. mg. mg. nals, mg. ventral neck 
ys gm. | | region 
T Injected | 0.25 7 231411 | 11.2+0.6 | 49+4 | 386+56 | 41+3 | 165+20 | 0.03 
; 0.5 4 240+10 | 13.8+1.3 | 53+4 | 428+40 | 46+2 | 169+ 9 | 0.02 
| i | 5 245+ 7 | 12.7+0.7 | 68+9 | 447+23 61+2 | 145+20 | 0.02 
T Control | — | 7 131+ 4 9.8+0.4 | 29+3 | 232434 | 23+1 | 98 +12 0.04 


*E eeeanil as per cent of injected dose. 


occurred. Only few small medium follicles were present and these were 
usually undergoing atresia. The interstitial tissue was variable degrees 
deficiency but not completely atrophic the hypophysectomized 
rat. The 0.25 level thyroxine maintained all components the ovary 
nearly normal condition although the weight the organ was still sub- 
normal (Table 2). Most ovaries showed evidence recent ovulation 
very recent corpora lutea. the 0.5 ug. dosage the ovary appeared histo- 
logically have attained normality rather recently although the weight 
was still ail ovaries contained set newly formed corpora lutea 
which were hours old. addition these, only old degenerate 
corpora lutea were present together with few follicles small small- 
medium size. The interstitial tissue was normal and showed vigorous 
mitotic activity. The ovaries rats receiving and ug. thyroxine were 
normal weight and histological structure. They contained several crops 
corpora lutea different ages and follicles varying size different 
ovaries. The interstitial tissue was normal and variable amount. was 
concluded that thyroxine was required for normal ovarian function 
under these conditions. This conclusion, based ovarian weight and his- 
tology, was further supported uterine weights (Table 2). 

The adrenals the untreated thyroidectomized rats showed typical 
atrophy. The cortex was narrow with small cells containing lipid 
droplets, coarser than normal. The glomerulosa was wider than normal and 
contained the coarsest lipid. The fasciculata reduced width 
and the normal columnar arrangement cells was ill-defined. The reticu- 
laris appeared less markedly affected than the fasciculata; however, 
was narrower than normal and formed abrupt junction with the medulla. 
The adrenals the rats receiving 0.25 thyroxine were partially main- 

tained, judged histology. The cells, although larger, were not normal 
size. The glomerulosa was still wider than normal. The fasciculata and 
reticularis were wider than the thyroidectomized control and some 
cases showed normal lipid pattern. The increased width the reticularis 
was particularly noted. The weight the glands was maintained almost 
twice that the thyroidectomized control (Table 2). The adrenals the 
rats receiving 0.5 were not notably different weight histology from 
those the lowest dosage. The glomerulosa was normal width some 
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and the reticularis was longer out proportion. The adrenals 
rats receiving thyroxine showed further degree mainte- 
Some glands were within normal limits histologically but the fascic- 
and reticularis were usually narrower than normal and the weight 
gland was still subnormal. The level produced some adrenal corti- 
hypertrophy which was particularly noticeable widening the 
eticularis. was concluded that doses thyroxine greater than and less 
han wg. were necessary for maintenance normal adrenal weight and 
for days. 

The characteristic involution tissue which occurs the 
mmature rat after thyroidectomy was well shown the reduced weight 
the thymus the untreated thyroidectomized controls (Table 2). Thy- 


weight, although increased all levels thyroxine, was maintained 
normal only the highest dose. 


DISCUSSION 


The results show that growth was the most sensitive the various end- 
points for This finding consistent with the concept Gries- 
and Purves, based pituitary cytology, that there striking bio- 
logical differential respect the action thyroxine. also supports 
the use this laboratory growth the most sensitive indicator 
incomplete thyroidectomy. has only been recent years with the de- 
velopment scintillation tubes and improved chromatographic techniques 
that this criterion has been exceeded sensitivity (unpublished observa- 
tions collaboration with Dr. Alvin Taurog). agreement with the con- 
clusion Scow and Simpson (1), the present results show that determina- 
tion metabolic rate gives assurance the completeness thyroid- 
ectomy since this index very insensitive small fragments thyroid 
small amounts exogenous thyroxine. 

was surprising that normal growth occurred levels thyroxine 
which did not maintain normal numbers normal granulation pituitary 
acidophils. Since the pituitaries were not assayed for growth hormone 
statement can made their content. Solomon and Greep (10) have 
recently reported that they were unable show quantitative relation 
hetween the degree acidophil granulation and assayable growth hor- 
mone. 

The assumption has been made that thyroxine promotes growth the 
animal both through reinstatement growth hormone 

ecretion the anterior pituitary and intensification the action 
hormone. Two hormonal influences which normally oppose growth 
the secretions the adrenal cortex and the ovary. Both these 
were structurally subnormal animals receiving the levels thy- 
oxine which maintained growth. 

Evidence has been presented previously show that, addition 


q 


thyroxine, adrenal cortical secretions and growth hormone are important 
determining levels heat production (11, 12). the present experiment 
the degree maintenance calorigenesis paralleled the structural condi- 
tion the adrenal cortex. 

The parallel between oxygen consumption and red cell volume was not 
evident. The red cell volume the thyroidectomized controls did not 
decline hypophysectomy levels (1.40 ml./100 gm. B.W.) although 
oxygen consumption had fallen the level hypophysec- 
tomy two weeks after thyroidectomy. The lower levels thyroxine (0.25 
and 0.5 which influenced heat production had effect the anemia 
thyroidectomy. The higher levels which had more marked effect 
calorigenesis did restore the red cell volume normal levels above. 

Experiments are now progress determine the minimal dosage 
thyroxine and triiodothyronine which will produce measurable effect 
growth. The results thus far indicate that 0.05 ug. L-thyroxine still has 
marked effect growth and that doses 0.2 and below L-triiodo- 
thyronine are more potent than the same levels has 
been found that high levels injected potassium iodide will reinstate 
growth the completely thyroidectomized rat (unpublished observations). 
will interesting compare this response with that obtained from 
minimal doses thyroxine and triiodothyronine. 
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BLOOD AND URINE CALCIUM CHANGES TOTALLY 
PARATHYROIDECTOMIZED RANA 
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ABSTRACT 

The effects Rana pipiens are being investigated 
our laboratories. The results the work being reported demonstrate that the 
concentration whole blood and plasma gradually decrease 
60% below the control values within weeks. However, 
not permanent evidenced the fact that the end weeks the whole 
blood calcium the operated animals returned 8.3 mg.% which approxi- 
mates the lowest calcium values obtained from unoperated animals. Caleium 
concentrations urine taken from the parathyroidectomized animals dif- 
ferent days are 78% above the control values. These results indicate 
that parathyroidectomized frogs there loss through the uri- 
nary system which concomitant with the decrease plasma calcium. 
death from tetany occurred the operated animals even when their blood 
plasma was its lowest levels. Histological examination para- 
thyroid glands taken from winter frogs revealed that these glands undergo 
degeneration wherein the tissue reticular and the cells appear 
degenerating. 


ITTLE known concerning the role the parathyroid glands am- 
phibians. 1888, Maurer (1) termed these small bodies 
found them originate from the third and fourth branchial 
arches during the larval stage the frog and during metamorphosis 
Triton taeniatus. 

Baldwin (2) and Scholz (3) the anatomy and histology these 
several species Amblystoma. Descriptions have been given for 
the parathyroid glands anurans Shapiro, (4), Romeis (5) and Wag- 
(6). 

Bilaterally parathyroidectomized Salamandra atra and maculosa were 

observed Scholz (3) remain alive for one year with evidence 
Total parathyroidectomy Rana temporaria (5) and Hyla aurea 
did not result tetanic responses death. However, Waggener 
mild severe tetanus followed death approximately 
parathyroprivic Rana catesbiana. Associated with tetany re- 
decrease blood from 11.5 7.5 mg.%. 

was thought appropriate resume studies amphibian parathyroid 
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gland functions with view more extensive investigation their role 
endocrine gland lower vertebrate animals. Such information will 
permit comparison with the parathyroid gland function birds and 
mammals and may shed some light the analysis parathyroid action. 


MATERIALS AND METHODS 


Large male Rana pipiens used these studies were obtained from Northern Wiscon- 
sin were maintained water table with constant flow aerated water 
temperature Operated animals were confined individual perforated con- 
tainers. 

Parathyroid glands were removed from ether anesthetized animals moist 
cloth. With iridectomy scissors small shaped skin incision was made 
junction the coracoid and sternum, thereby forming movable skin flap. Wit! 
jewelers forceps the subhyoid muscle and fascia were separated from the deltoid muscle. 
Connective tissue the episternal angle was cleared away expose the external jugular 
vein, the hypoglossal nerve and the omohyoid muscle. The omohyoid was gently 
antero-lateral direction expose the large highly vascularized kiemenrest 
and the parathyroid glands. The kiemenrest serves reference point locate the 
parathyroids. The latter were removed gently pulling them free from their connective 
tissue attachment. All operations were made with dissecting microscope di- 
ameters magnification. 

Tissue examined histologically was prepared employing the usual procedures 
for embedding and sectioning. Sections were cut micra and Heidenhains 
Delafields hematoxylin with eosin were used stains. observations 
photomicrographs were made 100 and 860 

Blood samples were obtained means heart puncture with heparinized syringes 
and were transferred either ml. test tubes 0.2 ml. hematotubes, dependent 
whether whole blood plasma was analyzed. When plasma was used the 
hematocrit tubes were placed micro hematocrit centrifgue for minutes. The por- 
tion the tube containing the clear plasma was cut and the end capped with critocaps. 

Calcium determinations whole blood were made according the method 
Kahn (9) and readings were made with Rouy-Leitz photometer. Plasma and urine 
cium determinations were made flame analysis wave length 422.8 my. with 
Beckman spectrophotometer and photomultiplier attachment. Hydrogen served 
fuel source instead acetylene. our experience that more consistent results 
obtained with hydrogen. 

standards for the analysis blood were prepared with either Lab-trol 
Patho-trol (Dade Reagents). Standards and blood samples were prepared dilutions 
1:50 using each sample brought 2.5 ml. triply glass distilled water. 
Standards for the analysis urine were also prepared with these reagents and 
the urine samples were not diluted. 

was not necessary use catheter obtain the urine samples. The frogs were 
gently removed from the water which time there was small amount urine elimi- 
nated. Each frog was held vertically with the dorsal surface the cloacal opening 
wide mouthed funnel set ml. test tube and the lateral abdominal walls 
gently compressed. stream clear urine jetted forth into the funnel and was 
the tube. The funnel was held such that there was dilution body water from 
animal. 

Sciatic preparations were isolated from control and parath 
frogs. Recordings were made responses stimuli introduced 
frequencies means Electrodyne stimulator. 
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RESULTS 


The two pairs parathyroid glands pipiens lie lateral the ex- 
ternal jugular vein and dorsal dorso-lateral the hypoglossal nerve 
(Fig. 1). Medial parallel with the parathyroids larger and more 
highly vascularized structure, the kiemenrest (Fig. 1). The more anterior 
location the thyroid glands these animals avoids the necessity thy- 
roparathyroidectomy. 

Cells these glands are epithelial, arranged whorls and are confined 
within thin connective tissue capsule below which dense capillary 
network (Fig. 2). Those cells arranged whorls are elongated and are 
usually located more centrally (Fig. 3). Glands taken from frogs between 
October and December appeared lose their structural integrity evi- 
denced distinct reticular appearance (Fig. 4). Though there not 
complete absence cellular elements, remaining cells are extremely atypi- 
cal and appear degenerating (Fig. 5). Cyclic changes the cellular 
organization amphibian parathyroids have also been observed 

(5) and Waggener (6). 

death from tetanic convulsions occurred parathyroidectomized 
frogs nor three hundred such animals was there any evidence tetanic 
spasm. Though gross symptoms hyperexcitability were evident 
seemed possible that more subtle expressions such condition might 
found neuromuscular preparations. Results experiments carried out 
preparations from animals are summarized 
Table comparison the percent preparations demonstrating treppe, 
incomplete and complete tetanus shows significant difference between 
the normal and week post-operative animals. The evidence indicates 
that 50% the preparations taken within days showed increased 


TABLE 1, FREQUENCY OF STIMULATION REQUIRED TO CAUSE TREPPE, INCOMPLETE TETANUS 
AND TETANUS IN A SCIATIC NERVE-GASTROCNEMIUS MUSCLE PREPARATION TAKEN FROM 
SHAM CONTROL ANIMALS AND TOTALLY PARATHYROIDECTOMIZED Rana pipiens 


Incomplete Relaxation 


Condition Treppe Tetanus delay 
Sham Controls 20/sec. 
79% 71% 37% None 
10/sec. 
21% 29% 63% None 
2-5 day operated animals 
50% 50% 50% Positive 
50% 50% 50% Positive 
92% 69% 31% Positive 


31% 69% Positive 
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excitability. Each the motor responses was obtained lower stimulating 
frequencies more cases than normal group animals. Furthermore, 
fusion frequency was below the normal range the majority animals 
studied within this period after the operation. weeks these responses 
returned normal the majority cases. However, from these results 
would difficult state that there characteristic response hyper- 
excitability resultant from parathyroidectomy pipiens because there 
also high percentage the preparations from parathyroid deficient 
animals having excitability responses within the normal range. The only 
consistent suggestion hyperexcitability the occurrence relaxation 
delay shown Figures and Myographs Figure are typical 
responses obtained from preparations sham operated control frog. The 
most extreme variations from the normal response are shown Figures 
and 

Blood values for control and experimental animals are given 
Figure facilitate the expression calcium changes, mean values are 
included. Unoperated frogs had values ranging from 9.4 12.5 
mg.% and are referred normal this study. The mean value 
for whole blood pipiens 10.3 mg.%. 

Twenty four hours after parathyroidectomy the mean blood calcium was 
7.2 mg.% 30% lower than the controls. 48, and hours the aver- 
age calcium levels were 6.9, 5.6 and 3.3 mg.% respectively, representing 
decreases 33.2, 45.7 and 68%. Seven day post-operative animals were 
63.3% below their controls. Calcium levels and day operated frogs 
were 5.7 and 5.5 mg.%. Although this not low either the day 
groups assumed that they fall within range variation that would 
found parathyroidectomized frogs between days and 

After the 14th day, calcium determinations were made weekly inter- 
vals. The values between and weeks closely approximate each other. 
However, calcium values for the week operated frogs more closely ap- 
proximate those for most the animals the 2nd week, the difference 


Fig. Parathyroid glands Rana pipiens showing the relation kiemenrest (K), 
hypoglossal nerve (H), external jugular vein (J), omohyoid muscle (O). Arrows point 
parathyroid glands. 

Fig. normal parathyroid gland. Arrow points sub-capsular capillary 
networks. Whorled cells centrally located. 

Fig. High power view parathyroid cells, particularly the elongated cells which 
are more centrally located. 

Section parathyroid gland removed from winter frog which shows 
recticular type degeneration. 200. 
High power view reticular type degeneration Note the lack typical 
cells and the reticular appearance the tissue. 
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7 °o 28 ° ° 8 
AVERAGE 


TIME WEEKS 


Fig. Distribution blood values obtained from whole blood samples 
normal and parathyroidectomized Rana pipiens. The decrease blood calcium during 
the first post-operative week best noted from average values (4). more gradual 
rise the control level follows but remains sub-normal through weeks. 


Myographs preparations normal and bilaterally para- 
Rana pipiens. Stimulation was accomplished with use thyratron 
pulse generator (Electrodyne, Model 461) voltages 10. Stimulating frequencies 
are designated. 

Records from sham-operated control animal (#209). Immediate relaxation 
stimulation typical. Incomplete tetanus reached stimulating frequency 
20/see. (C). Based the duration between effective stimuli this myograph (C), 

Myograph parathyroidectomized frog (#76) hours postablation. In- 

tetanus observed stimulating frequency 10/sec. (A). The fusion fre- 

Fig. Myograph parathyroidectomized frog (#130) weeks postablation. 

excitability than controls shown where incomplete tetanus results from 
imulating frequency 10/see. (B); this also evidenced treppe 
imuli/see. (A). response incomplete tetanus stimuli/sec. (C) the same 
curs controls Hyperexcitability further demonstrated pronounced delay 
laxation time after stimulation (A, and C). 
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150 


DAYS POST-OPERATIVE 


10. Comparative analysis the changes calcium concentration whole 
blood (Roe-Kahn method), plasma and urine (flame analysis) totally parathyroidecto- 
mized frogs. 


only being 0.2 mg.% increase. For and week animals there 

increase the mean only 0.3 mg.%. The mean calcium concentration 

these animals 5.8 mg.% which represents 13.7% increase over 

week post-operative animals. 

Between the 8th and 29th week mean blood calcium values steadily in- 
crease. Blood samples taken from the 10th the 29th week are similar 
calcium values, showing maximum variation 0.9 mg.%. The mean for 
all these samples 8.3 mg.% which 20.3% higher than that found 
and week animals. 

Plasma calcium determinations were made another series para- 
thyroidectomized frogs and the experiments were terminated the end 
weeks. The data are shown Figure comparison with whole 
and urine calcium. The mean value for plasma calcium unoperated 
pipiens 6.6 mg.%. Forty eight hours after parathyroidectomy falls 
5.7 mg.%; 13.7% below controls. the end days mg.%; 38° 
below the controls. These results show gradual decrease plasma 
cium parathyroidectomized frogs and the lowest level plasma 
reached within weeks after gland removal. 

The mean value normal urine calcium 0.186 mg.% for pipien.. 
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‘wenty four hours post-parathyroidectomy there sharp drop 0.145 
(22% below normal) followed marked rise the next hours 
0.240 mg.% (28% above normal). Between days and urine 
remain from 78% above normal. From days the urine 
values were 16% below those the controls. However, 
the urine again shows 10% higher concentration calcium than 
found the controls. 


DISCUSSION 


Waggener (8) has shown that parathyroprivic catesbiana have lowered 
7.7 mg.% which results tetany and death. Results re- 
ported this work with pipiens show somewhat different picture. 
Parathyroidectomy does not result any gross manifestations tetany 
nor any significant changes the direction hyperexcitability. Whole 
falls its lowest value between and days. The depression 
more slowly than that reported for parathyroidectomized rats 
wherein the lowest values are observed within the first 
hours (10, 11). Monahan and Freeman (12) reported serum calcium de- 
creases nephrectomized-parathyroidectomized dogs from 11.3 5.9 
mg.% hours. 

The lowered blood frogs not permanent evidenced the 
fact that the end weeks after gland removal the blood was 
8.3 mg.%, which approaches the lower limit the normal range. 

Tweedy and Chandler (10) observed that parathyroidectomized rats 
there return serum the direction normal, but this occurs 
within several days week and only reaches the lowest values within the 
normal range. Thus, there difference between frogs and rats the rate 
which there reduction and subsequent elevation calcium. frogs 
this series variations considerably longer. The gradual rise blood 
not considered expression dietary intake. Parathyroid- 
ectomized animals fed meal worms week for weeks still had low 
(3.1 5.8 mg.%). Investigations are currently progress 
study the influences exogenous calcium and phosphorus supplies 
well parathormone support parathyroidectomized frogs. 

Plasma pipiens considerably lower than whole blood 
the mean being 6.6 mg.% with range 5.2 8.6 mg.%. with 
whole blood, plasma calcium decreases parathyroidectomized animals, 

and its low values are quite similar those whole blood. would appear 

the decline plasma calcium more gradual and prolonged, with the 
values being reached approximately weeks. Studies with whole 
show the minimum value approximately week. 

has been consistently reported result parathy- 

roid deficiency mammals (13). The data for parathyroidectomized frogs 
initial drop urine calcium followed increase above normal 
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the 2nd post-operative day which persists for approximately week.The 
relationship between the lowered plasma calcium concentration and in- 
creased urine calcium concentration suggests that the lack parathormone 
impairs the ability the renal organ reabsorb calcium. Whatever the 
mode action parathormone, significant note that 
does occur parathyroidectomized frogs. 

Variations the values during days suggest attempt 
the animals attain calcium equilibrium, unsuccessful is, during 
this time. would also appear that after blood calcium has reached its 
lower limits the frogs adjust establish blood calcium approaching nor- 
mal mechanism other than the parathyroid glands which elevates renal 
threshold. Buchanan, Kraintz and Talmage (14) have recently reported 
initial decrease calcium excretion parathyroidectomized mice, followed 
three-foid increase above normal calcium excretion. Within hours 
the urinary excretion calcium returned within the normal range. 
These workers indicate that spectacular results regard parathyroid 
effects renal calcium cannot expected since its excretion rate very 
low and due excretion variability, changes are difficult establish. 
would seem that the slowness and the persistence the changes blood 
and urine parathyroidectomized pipiens may permit this 
animal useful tool the study the site and mode action the 
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EFFECT MAGNESIUM ION THE RESPONSE 
THE RAT UTERUS NEUROHYPOPHYSIAL 
HORMONES AND 
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ABSTRACT 


Absolute potencies highly purified neurohypophysial hormones 
and analogues were determined isolated rat uteri suspended van Dyke- 
Hastings solution. Assays were performed bath solutions with and without 
magnesium ions. concentration magnesium ions were found 
augment the response the U.S.P. Standard, oxytocin, lysine and arginine 
vasopressins and all the analogues tested, but there was considerable variation 
between substances the degree which this potentiation occurred. Advan- 
tages inherent the solution van Dyke and Hastings are discussed, and 
reasons are presented for utilizing this solution without magnesium for assays 
oxytocin and posterior pituitary extracts. 


ALE’S discovery the action posterior pituitary extract 

(1) was followed 1913 Dale and Laidlaw’s description 
method assaying such extracts isolated, virgin guinea pig uteri (2). 
These and subsequent investigators have commented modifications 
the uterine response posterior pituitary extracts alterations the 
ionic composition the bath fluid. The divalent cations calcium and mag- 
nesium have received major consideration. 

Kochmann (3) first showed that diminution calcium increase 
magnesium concentration could cause quiescence the isolated 
pig uterus, and the latter observation was confirmed Burn and Dale 
(4). Although subsequent investigators have endorsed various magnesium 
concentrations, most have agreed that 0.5 calcium satisfactory. 

Potentiation magnesium the oxytocic action posterior pituitary 
extract the guinea was first reported van Dyke and 
Hastings (5). They used solution which replicated ultrafiltrate 
guinea pig plasma (Table (5, 6). Raising the calcium concentration 
above 0.53 caused spontaneous contractions and increased respon- 
siveness posterior pituitary extract, whereas lower concentrations di- 
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minished responsiveness. Magnesium concentration 1.0 
augmented responses, but increasing its concentration 3.0 de- 
creased responses. Genell (7) extended these observations other species, 
using Pitocin lieu whole posterior pituitary extract. 

Fraser investigated commercial vasopressor and oxytocic fractions the 
posterior pituitary, and found that the response the vasopressor fraction 
was augmented far more than the oxytocin response when magnesium ions 
were present van Dyke-Hastings solution (8). Stewart reported that 
magnesium potentiated responses Pitocin and Pitressin but that the 
degree was variable and did not correlate well with magnesium concentra- 
tion (9). 

vivo potentiation magnesium the uterotonic action Pitressin 
and Pitocin nonpregnant cows has been studied Fitzpatrick (11). 


TABLE 1. ELECTROLYTE COMPOSITION OF SOME SOLUTIONS USED FOR OXYTOCIC ASSAYS. 


cose, 
| | | HPO" | mm.Hg pH mg.% 
2. Burn and Dale (4) 2.2 | 0.052 | 160 | 5.6 | 164 6.0 -— — — | 50 
3. British Pharmacopoeia (10) (1948) | 2.2 0.026 | 160 | 5.6 | 164 6.0 — } — | 50 
4. Beauvillain (12) 0.54 | 0.052 | 160 | 5.6 | 161 | 6.0 — | as — | 50 
5. Burn, Finney & Goodwin (15) 0.54 O | 160 | 5.6 161 6.0 —- | — — 50 
6. van Dyke and Hastings (5) 0.53 | 1.0 144 |'6.2 | 122 | 30 | Re: } 46 | 7.4 a 
| O | | | | } 
7. Present modification of (6) 0.50 | 144 | 6.2 | 


three-fold increase plasma magnesium concentration caused definite 
potentiation the response Pitressin, but not Pitocin. 

Although Beauvillain first advocated the use rat uteri for oxytocic 
assays (12), was Holton’s work which convincingly demonstrated the 
advantages inherent the assay employing the rat uterus lieu 
the guinea pig uterus (13). She used the four-point assay design Schild 
(14). Burn, Finney, and Goodwin present her method almost unmodified, 
and advocate magnesium-free Beauvillain solution (Table (15). 

Until Vigneaud and coworkers purified oxytocin (16), arginine vaso- 
pressin (17) and lysine vasopressin (18) only partially purified fractions 
mammalian neurohypophysial hormones were available for study. Use 
commercial posterior pituitary fractions now known involve two draw- 
backs: first, contamination pressor with oxytocic hormone and vice versa, 
and second, use both and pig posterior pituitaries for the vasopressor 
fraction. Arginine vasopressin from oxen and lysine vasopressin from pigs 
vary pharmacological properties (19, 20). Since neither the oxytocic 
potency nor the effect magnesium the lysine vaso- 
pressin has been wittingly studied, spurious data may have arisen from use 
lysine vasopressin mixture lysine and arginine vasopressins. 
Highly purified arginine vasopressin has been shown have pressor/ 
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ratio 20/1 (21). was assayed the magnesium-free bath 
solution recommended Burn, Finney and Goodwin (22, 15). 


The following study portion investigation the structure- 
activity relationship neurohypophysial hormones and some their 
analogues, all which were generously provided Professor Vigneaud 
highly purified state. 


MATERIALS AND METHODS 


Neurohypophysial hormones and their analogues. These highly purified polypeptides 
were carefully and weighed Professor Vigneaud’s group the Cornell 
University Medical College and were dissolved this dilute acid 
containing 154 sodium chloride and 0.5% chlorobutanol. The solu- 
tions were placed ampoules, sealed, placed boiling water bath for ten minutes and 
refrigerated until assayed. prepare solution for assay the contents 
ampoule were diluted with NaCl solution the dilution was 1/20 greater 
were brought with 154 NaHCO; solution and further diluted 
with 154 NaCl solution less than 1/20 dilution was desired. 

U.S.P. Posterior Pituitary Standard. This was the reference standard used all 
times. Its potency was 88% the International Posterior Pituitary Standard meas- 
ured rat pressor and rabbit milk-ejection assays. 

Bath Solution. The bath solution employed was modified van Dyke-Hastings 
solution (Table 1). was chosen because its isosmoticity, its physiological and 
composition, its excellent buffering capacity and the ease with which alterations 
magnesium concentration could achieved without disturbing osmoticity. The calcium 
concentration employed was 

Potencies bath environments containing magnesium concentrations 0.0 and 0.5 
are compared. Uteri were nearly always quiescent either solution. The reser- 
voir and ml. bath chamber solutions were gassed with oxygen containing 
Phenol red (0.0001%) the solution allows the assayist observe within 0.1 unit 
continuously. pH’s several batches solution were determined and were always 

Assay. Assays were conducted exactly outlined Holton (13). The uteri were 
obtained from young, virgin rats, usually the Long-Evans strain, which weighed 
150-200 gm. Each unknown was assayed least two different uteri with and without 
magnesium. The range working concentrations USP Standard the ml. bath 
was 

Statistical evaluation results. Data were computed the method outlined 
Holton (13). Several six-point assays were Estimates potency were com- 
bined the method Finney (23) ignoring the magnitude and significant dif- 
ferences estimates. Most values were less than 0.05, and except for those assays 
which the slopes regression unknown and standard departed significantly from 
parallelism, very few estimates were significantly disparate. those assays where 
significant deviation from parallelism existed the range estimates rather than the 95% 
fiducial limits tabulated, and the mean potency represented the weighted mean. 
The level probability was used test all data. 


The author wishes express his thanks Dr. George Saiger, Department 
College Physicians and Surgeons, for his aid the six-point 
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RESULTS 


All results are expressed u/mg. hormone analogue Table 
should noted that lysine vasopressin was the sole substance tested 
whose slope regression departed significantly from parallelism the 
slope regression the U.S.P. Standard. did only the presence 
magnesium. Valyl analogue oxytocin which not pure, 
was also assayed both solutions. Results are expressed U.S.P. 
ampouled solution labeled Table also shows the highest 
potency each substance from rat-pressor, intravenous dog-antidiuretic, 
rabbit milk-ejection, avian depressor and assays. The ratio 


USP. unit 0.5 Magnesium 
units 


0.0 Magnesium 


also shown Table 

Absolute responses the Standard, oxytocin, the vasopressins and 
all analogues tested were invariably augmented magnesium. 

Beauvillain solution was prepared for the purpose studying pH. 
Three aliquots were treated follows: gassed with oxygen containing 
gassed with air and ungassed and unstoppered volu- 
metric flask. the end one and one-half hours the the first was 
6.8, the second was 8.3 and the third was 7.9. 


DISCUSSION 


discussion the absolute potencies neurohypophysial 
hormones their analogues seems necessary; the values have been pre- 
sented Table Potentiation responses all the substances 
assayed the presence magnesium compared with responses the 
same solution without magnesium confirms and amplifies the findings 
previous investigators who used whole posterior pituitary extracts com- 
mercial fractions them. Magnesium evidently potentiates the uterotonic 
action oxytocin less than potentiates any other polypeptide tested. 
Potentiation the response arginine vasopressin causes apparent 
slightly lower potency oxytocin solution containing magnesium com- 
pared with its potency one not containing this important divalent cation. 
This due entirely the increased contribution arginine vasopressin 
the potency U.S.P. Standard, which causes the Standard 
relatively more potent and oxytocin comparison less potent. 

obtain maximal value for the absolute potency oxytocin, one 
should use assay which completely insensitive the arginine vaso- 
pressin the standard. Such assay has not been described. the assays 
generally employed for oxytocin, the potencies arginine vasopressin are 
follows: rat uterus, without magnesium U/mg.), rat uterus, 0.5 
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magnesium (15 avian depressor (42 and rabbit milk-ejec- 
tion (51 u/mg.) (20). Hence, the greatest absolute value for the potency 
oxytocin will found the rat assay the absence magne- 
sium, and for assays neurohypophysial extracts this assay the most 
specific for oxytocin. 

not surprising that the slopes regression lysine vasopressin and 
U.S.P. Standard are not parallel when assayed the 0.5 magnesium 
solution. Rather, surprising that the slopes regression more the 
substances assayed not show significant deviations from parallelism 
with the U.S.P. Standard. entirely possible that more six-point 
eight-point assays had been employed slight deviations from parallelism 
with the Standard would have been proved significant for many these 
substances. Deviation from parallelism must considerable the usual 
four-point assay before its significance can established. 

the substances assayed valyl oxytocin most potentiated the 
presence 0.5 magnesium. Since this impure analogue which 
contains other substances used its synthesis the author believes that 
these results should interpreted with caution. Berde, Doepfner and 
Konzett found that the vitro rat potency valyl oxytocin was 
2.8 and that the vivo rat potency was approximately 
u/ml. (24). The ratio the second the first 3.6, which equal the 
found the author for the two vitro assays (Table 2). This ratio 
equality probably fortuitous, but possible that the reported differences 
between vitro and vivo potencies are largely attributable the ab- 
sence near absence magnesium from the bath solution used for the 
vitro assay. 

The solution van Dyke and Hastings with elimination modification 
its magnesium concentration has been shown excellently adapted 
the rat oxytocic assay. Its physiological and fixed pH, its near replica- 
tion ultrafiltrate mammalian plasma and its buffering capacity all 
make logically preferable the various modifications Ringer-Locke 
solution. For assays most neurohypophysial preparations magnesium- 
free solution provides the most suitable and specific assay for oxytocin. Use 
the same unknown preparation assayed against suitable standard with 
and without magnesium the bath solution provides useful qualitative 
analytical tool, for oxytocin the only octapeptide studied whose potency 
not increased the presence magnesium the bath. Qualitative 
analytical use has already been made this pharmacological phenome- 
non (25). 
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ABSTRACT 


lipid extract the pooled preincubation media incubated rat adrenal 
sections rat adrenal tissue homogenates incubated vitro was chromato- 
graphed paper chromatograms. Four distinct zones absorbing ultraviolet 
light were isolated when the chromatograms were run the toluene-propylene 
glycol system. These zones were designated aldosterone, and corti- 
costerone. Aldosterone the and free corticosterone were 
isolated the state and identified infrared spectroscopy and 
other criteria. The two compounds, and were not identified although 
was and several its physical and chemical characteristics 
noted. One these was its ability react with the acid phenylhydra- 
zine reagent yield chromogen absorbing light 400-410 my. The import- 
ance was discussed from the point view its possible physiological 
significance. 


UMEROUS workers (1-16) have shown that corticosterone the 

main steroid produced the rat adrenal gland vivo and vitro. 
Therefore, the rat adrenal gland has generally been classified corti- 
costerone producer. the basis paper chromatographic and bioassay 
procedures, aldosterone has been shown one the substances elabo- 
rated minor amounts the rat adrenal gland (3, 17). Another, sub- 
stance unknown structure has been shown yield chromogenic ma- 
terial (6, 16, 18, 27, 28) after its reaction with the phenylhydrazine sulfuric 
acid reagent Silber and Porter (19). studies dealing with the possible 
mechanism(s) which would explain the mode action the adrenocorti- 
cotropic hormone (4, 20, 21), have also consistently detected paper 
chromatograms several ultraviolet absorbing substances, addition 
corticosterone. some these substances have properties similar those re- 
ported other investigators (1, 16, 18, 28). However the amount 
materials isolated was always too small permit positive identification 
more rigorous criteria besides paper chromatography bioassay only. 
with the purpose isolating much larger amounts the ultraviolet ab- 
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sorbing materials that this work was carried out. has been found that one 
these ultraviolet substances aldosterone and that another, compound 
designated (see text), Porter Silber substance having 
characteristic physical and chemical properties. These differ from 17a- 
hydroxy-21-oxopregn-4-ene-3,20-dione compound which thought 
being similar (18). third compound absorbing ultraviolet light and 
isolated the crystalline state was found corticosterone. 


METHODS 


General. group studies (4, 20, 21) wherein great number vitro incuba- 
tions with rat adrenal sections were carried out, the preincubation media these experi- 
ments were pooled and stored the frozen state. Since the number and the location 
the steroids visualized paper chromatograms dichloromethane extracts this 
medium not differ from those found extracts the final medium (4, 
20), the pooled preincubation media served one source for obtaining the steroids 
elaborated the rat adrenal gland. Approximately four liters this preincubation 
medium was collected and extracted below. order supplement the 
amount steroids obtained this manner the adrenals 800 Sprague-Dawley 
were homogenized, activated freezing (23) and incubated methods described for 
rat adrenal sections homogenates (4, 23). These homogenates which produce the same 
steroids adrenal sections incubated the same manner, were pooled, stored the 
frozen state and then extracted. 

Extraction Steroids. The steroids the pooled preincubation medium and the 
pooled homogenates were obtained extracting the aqueous phases twice with two 
times their volume dichloromethane. The dichloromethane was next evaporated 
under vacuum and the resulting residue partitioned between 200 ml. 80% methanol- 
water (80/20, v/v) and ml. petroleum ether (boiling point C). second par- 
tition was carried out using fresh portion petroleum ether after which the pooled 
petroleum ether phases were extracted twice with ml. 80% methanol-water. The 
pooled phases were brought dryness under vacuum and the dry residue 
was dissolved 4.0 ml. dichloromethane and then divided into four 1.0 ml. aliquots. 

Paper Chromatography. After running the four dichloromethane aliquots respectively 
em-wide paper chromatograms the toluene-propylene glycol system (24) for 
hours 27° the latter were dried and examined for substances absorbing ultra- 
violet light. narrow test strip was also cut along the edge each chromatogram 
order observe any substances which would react with the blue tetrazolium (1) the 
Zimmermann reagents (25). instance was there found substances which reacted 
with the Zimmermann reagent. The corresponding zones each the chromatograms 
which were delineated ultraviolet light and the blue tetrazolium reagent were cut 
out and eluted with large volumes methanol. The methanol was next evaporated under 
vacuum and each eluate partitioned between dichloromethane and water. Most the 
extraneous nonsteroidal substances which were extracted the methanol from the paper 
chromatograms were soluble the water phase the partition system and therefore 
removed. Rechromatographing, reelution and repartitioning the individual zones was 
carried out exactly described above. 

Column Chromatography. After removal the dichloromethane from the eluates 
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the second paper chromatograms the dry residue which remained was redissolved 
dichloromethane and transferred quantitatively 1.0 gm. Celite (Celite 545 Johns- 
Manville). Following the addition small amounts corticosterone (0.30 ug. 
the Celite the latter was dried thoroughly under high vacuum. the dry Celite con- 
taining the paper chromatogram eluates free and the corticosterone was 
added 0.50 ml. the stationary phase modified Bush system (26) (Skellysolve 
(boiling point C):benzene:water:methanol; 3:17:1:1 volumes respectively) 
and mixed. The Celite was next transferred slurry about 5.0 ml. the mobile 
phase and packed top Celite column prepared mixing 28.0 gm. Celite with 
14.0 ml. stationary phase described Ayres al. (26). The final height the 
column was 60.0 and had diameter (column 1). 

Similarly the acetylated product was chromatographed Celite column. 
this instance corticosterone 21-monoacetate instead corticosterone was 
added the 1.0 gm. Celite (cf. above). The stationary and mobile phase used pre- 
pare and elute the column was made Skellysolve 
3:1:4:1 respectively (column 2). 

The colums were eluted fractions 5.0 ml. and small portion each analyzed for 
radioactivity TRI-CARB scintillating counter, Model 314-DC efficiency level 
about 16%. Since free and acetylated had approximately the same paper chroma- 
mobilities corticosterone and its derivative respectively, 
the localization the radioactivity the different fractions served indicate what 
fraction its monoacetate would eluted from the columns. The distribution the 
radioactivity the fractions gave measure the efficiency the columns which 
assessed terms theoretical (39). 


RESULTS 


Paper Chromatograms. Four distinct zones which absorbed ultra- 
violet light were observed the four paper chromatograms run the 
toluene-propylene glycol system for hours. This finding agreement 
with those reported other investigators (2, 27, 29). The individual 
zones each the chromatograms were designated, order decreas- 
ing polarity, aldosterone, and corticosterone zones respectively. 
Although all the zones absorbed ultraviolet light only the aldosterone 
and the corticosterone zones reacted with the blue tetrazolium reagent. The 
zone occupied position which cortisol usually occupies when run the 
same system (about from the starting line) while the corticosterone 
zone was observed near the lower edge the chromatogram. The aldoster- 
one zone had the same chromatographic mobility cortisone and 
moved more slowly than corticosterone. The individual zones, desig- 
nated above, were pooled and eluted with methanol. 

Identification the Pooled Zones. zone—This material after elution 
and was rerun the toluene-propylene glycol system for 
period hours chromatogram. This permitted the sub- 
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stance move about one quarter half-way down the paper chromato- 
gram. After drying, the chromatogram was examined under ultraviolet 
light. One very dark zone was observed which gave very slight reducing 
reaction with the blue tetrazolium reagent. The rate reduction the re- 
agent was slow and reddish-blue color appeared only after few minutes 
compared almost instantaneous reaction with cortisol corti- 
costerone. The Zimmermann reaction (25) was negative when applied 
test strip cut from the main chromatogram. The zone also gave positive 
dinitrophenylhydrazine (25) and soda fluorescence reactions (9). Unfor- 
tunately, the very small amount material which was eluted from the 
paper chromatogram precluded any attempts directed its identification 
classical means. For this reason, the material was stored desiccator 
until more can obtained. 


Aldosterone Zone. The zones corresponding aldosterone mobility 
were cut out and eluted. After pooling the eluates these were rerun 
em-wide chromatogram for hours the toluene-propylene glycol sys- 
tem. After drying, the chromatogram was examined the usual manner. 
Two very small zones absorbing ultraviolet light were observed the 
chromatogram addition the large zone corresponding position 
that standard aldosterone. These minor zones corresponded position 
those compound and corticosterone (cf. below). After elution 
the aldosterone zone with methanol and its evaporation the viscous residue 
was partitioned between 100 ml. dichloromethane and ml. water 
described and for the reasons noted the Methods section. The partition 
was repeated using fresh ml. portion water and the water phases dis- 
carded. After removal the dichloromethane under vacuum, the residue 
was transferred ml. conical tube and attempts were made crystal- 
lize the yellowish semi-solid material. Following the failure 
the substance, approximately the total amount was mixed with potas- 
sium bromide (KBr) and then its infrared spectrum run (KBr prism (31)). 
comparison the infrared curve authentic sample aldosterone 
(L-552-098-0-3) obtained from Dr. Edward Ham Merck Co. 
Rahway, New Jersey and run the same manner, demonstrated that the 
curves were identical all respects. small amount the isolated aldos- 
terone when chromatographed paper the benzene formamide system 
(24) singly admixed with authentic aldosterone had exactly the same 
mobility the authentic compound. the other hand, two clearly de- 
lineated spots which absorbed ultraviolet light and reduced the blue tetra- 


zolium reagent were seen when cortisone was mixed with the isolated sub- 
stance. 


Following acetylation the remaining isolated aldosterone according 
the method Mattox al. (32), the resulting acetate 
(21-monoacetate) was obtained. The acetate the form thick rhombic 
plates was isolated from acetone-petroleum ether mixture (32). The 
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following were some its physical and chemical characteristics: (a) Melt- 
ing point 193-198° (uncorrected) reported (32) and 
199° (33), (b) showed one absorption peak concentrated 
288 (room temperature hours) while showed additional peaks 
247, 342 and 460 the reaction was carried out 90° for hr. This 
heating effect has been observed with free aldosterone isolated from ad- 
renals (33), had ultraviolet absorption maximum methanol 
(d) had infrared spectrum (KBr pellet) which was identical 
sample standard dl-aldosterone all regions the 
spectrum except the position some bands the 
fingerprint region. Although the latter were absolutely identical all re- 
spects (height and width: with those obtained with the dl-aldosterone-21- 
monoacetate, there was some shifting these bands longer wave- 
lengths. The author unaware any explanation for this effect although 
possible that the racemic and optically active material did not 
lize the same lattice-type. This would give rise considerable deviation 
the infrared absorption spectrum especially the fingerprint 
Finally, (e) the isolated material had twice the biological activity 
equal amount dl-aldosterone-21-monoacetate. 

zone—The pooled eluates zone obtained from the original 
chromatograms were rerun the toluene-propylene glycol system for 
-hr. two em-wide chromatograms. Preliminary purification the 
eluted zones was carried out for the aldosterone zone. The amount 
substance absorbing ultraviolet light 240 the resulting dry 
residue was found approximately 5.0 mg. (based the supposition 
that its molecular weight and extinction coefficient were equal that 
corticosterone). Prior chromatography Celite column five yg. 
amounts the material were chromatographed singly and admixed 
with ug. corticosterone the Bush system (9). Examination 
the developed chromatogram ultraviolet light showed that far the 
greater amount was made more polar substance (Rf 0.33) 
than corticosterone (Rf 0.44). One minor constituent was present the 
zone which moved much more rapidly than corticosterone (Rf 0.75). 
All spots gave good soda fluorescence (9) while only the corticosterone 
spot gave strong and almost immediate blue tetrazolium reaction. 
faint blue tetrazolium reaction was given with the main spot (Rf 
0.33) about 5-10 minutes after spraying the chromatogram with the re- 
agent. order purify compound further was chromatographed 
column described Methods. Following the collection 
fractions the radioactivity from the corticosterone was found 
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fractions being concentrated fractions and 12. From the dis- 
tribution radioactivity, the theoretical plate value the column was 
assessed geing the order 650 (39). running 0.02 ml. aliquots 
fractions the Bush system (9) most compound was found 
fractions and the column eluate. contrast the original 
which was applied column the latter fractions were found contain 
but one substance corresponding position the main constituent 
0.33) found the original Bush paper chromatogram. white amor- 
phous material was obtained from the combined fractions and 
(2.29 mg. weight). The latter was dissolved 1.0 ml. ethyl acetate 
after the addition drops methanol. The tube was allowed stand 
room temperature until appeared and then placed the cold. 
total 1.02 mg. large rhombic plates sheaths (Fig. was harvested. 
After drying, the crystals had the following physical and chemical char- 
acteristics; (a) melting point, soft 163° melted (un- 
corrected). second crop which had identical infrared spec- 
melting 163° had 


orff and Koch procedure (35), (d) the gave very faint 
reaction paper with blue tetrazolium but did not reduce this reagent 
when the reaction was carried out solution (20), (e) whereas cor- 
ticosterone cortisol area paper reduced ammoniacal silver 
nitrate (36) quickly minute), and 
ene immediately, amounts the crystals failed re- 
duce this reagent. However, 18-oxoallopregnane failed reduce the silver 
nitrate reagent low concentrations, (f) they failed give rise fluores- 
cence sulfuric acid (12) (g) gave one absorption peak concentrated sul- 
acid room temperature without the appearance 
additional peaks when the acid solution was heated 90° for 
hour (33), (h) behaved neutral compound when the crystals 
were partitioned between 2.0 ml. dichloromethane and 1.0 ml. 10% sodium 
(i) gave the infrared spectrum seen Figure (j) gave reac- 
tion with the phenylhydrazine acid reagent Porter and Silber 
(19). reaction was given with the acid alone. The plot the 
optical density versus hours after addition the Porter Silber reagent was 
linear from hours hours room temperature for much less 
steep than hours. The optical density values the 


17a-Hydroxy-21-oxopregn-4-ene-3,20-dione and 18-oxoallopregnane were obtained 
froms Drs. Tait and MeNiven respectively the Worcester Foundation. 
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ing point Photomicrograph 
the crystals taken times magnifica- 
tion. 


end hours for were approximately one half those obtained with 
equal amounts cortisone. However, the reaction was allowed con- 
tinue for hours the final optical densities for the cortisone and were 
almost identical the two concentrations used and ug). 

Although column failed separate 16-*H corticosterone from 
was the case with the original impure ug. the crystals (melt- 
ing point were clearly separated Bush paper chromat- 

from corticosterone. only one spot was observed the 
developed chromatogram can concluded that was not con- 
taminated with the impurity (Rf .75) which was found the original 
substance. 

Approximately 400 ug. crystalline were acetylated (37) and the 
acetylated product chromatographed Celite column Elution the 
column, localization the radioactivity and the material absorbing 
ultraviolet light were carried out for column The radioactivity was 
found fractions and the ultraviolet absorbing material was asso- 
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Tracing the infrared spectrum compound run KBr (31) 
the Perkin-Elmer infracord spectrophotometer. 
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ciated with fractions Fractions and contained most the 
material absorbing ultraviolet light. The calculated theoretical plates 
this was found 450. One hundred yg. acetate were ob- 
tained from pooled fractions and 39. comparison the running rates 
wg. acetate and corticosterone acetate the Bush system 
showed that the former had the same slightly greater mobility. The 
infrared spectrum (KBr prism) the remainder acetate was such 
render its interpretation equivocal. However, since absorption band 
the 3600 region the spectrum was observed can concluded 
that free hydroxyl groups were present the compound after its 
acetylation. 

Corticosterone zone. The pooled corticosterone zone eluates obtained 
from the first chromatograms were rerun the toluene propylene glycol 
system four em-wide paper chromatograms for hours. The corti- 
costerone zones were eluted the usual manner. The partition the 
eluate between 300 ml. dichloromethane and ml. water was next 
‘arried out previously described for aldosterone and This partition 
was repeated twice more with fresh ml. portions water. After evapo- 
ration the dichloromethane the white semi-crystalline residue remaining 
was dissolved small volume ethyl acetate and allowed 
room temperature. Crystals the form rods were obtained (about 
2.0 mg.) which melted (uncorrected). Admixture this 
material with sample corticosterone (melting point 
182° melted The acid chromogen curve (38) 
this compound was identical with that standard corticosterone. 
evidence was obtained that epicorticosterone has been produced the rat 
adrenal gland (27). The infrared spectrum (KBr pellet) this substance 
was identical all respects with that authentic corticosterone run 
the same manner. 


DISCUSSION AND CONCLUSION 


The isolation aldosterone the the crystalline 
state constitutes the first time that this substance has been isolated 
sufficient quantities from the rat adrenal gland make its identification 
possible rigid criteria rather than paper chromatography and bioassay 
only. Although has been reported that the aldosterone isolated from 
chromatograms run the toluene propylene glycol system for hours 
was contaminated with cortisone (2), this fact could not substantiated 
the present study. The infrared data served support this conclusion 
since identical spectra were obtained for the isolated substance and au- 
aldosterone. the basis this evidence highly probable 
therefore that those zones formerly designated other studies 
(4, should have been denoted aldosterone zones. 

great interest this study was the isolation compound The 


| 
4 
7 


466 FERNAND PERON Volume 


present and reported findings showing that this substance produced 
the rat adrenal gland incubated vitro (8, 18, 27, 34), and its isolation 
paper chromatograms from lipid extracts rat blood (16) indicate that 
this substance may secreted into the blood stream the adrenal glands. 
The fact that the addition adrenocorticotropin rat adrenal glands 
incubated vitro increased the production the hydrazine react- 
ing markedly (29) also indicates that its synthesis and release 
from the rat adrenal gland may controlled the amount adreno- 
corticotropin circulating the blood. The value assessing function 
the presence this substance the blood may important the basis 
the data reported other investigators (16, 40-42) suggesting that 
similar substance(s) may also present other animal species. The 
question whether this substance has any physiological significance 
matter conjecture the present moment. However, the fact that 
possesses 3-ketone grouping, one the necessary attri- 
butes all naturally occurring adrenocorticosteroids having high degree 
physiological activity, and produced the rat adrenal gland are 
reason enough test this substance bioassay procedures. The results 
these experiments will the subject future publication. 

Because the odd property react with the phenyl- 
hydrazine reagent the elucidation its structure was attempted. the 
basis the chemical and other evidence which has been obtained the posi- 


the hydroxyl group(s) cannot determined nor can said un- 


equivocally that has side chain the C-17 position the steroid 
nucleus. However, the results obtained from incubations carried out with 
rat adrenal glands when and progesterone re- 
spectively were used substrates (2) indicated that all probability 
has C-21 side chain. This deduced from the fact that the zones 
these incubations were found radioactive and must have originated from 
the added precursors. The infrared spectrum the free compound 
interesting since (Fig. shows carbonyl absorption band for 
side chain ketone group The very small 
peak seen this wave length (1720 believed artifact 
since the infrared spectrum the same KBr prism when run the Beck- 
man Model IR-4 infrared spectrophotometer gave indication that this 
band was present. Therefore, the infrared evidence does not indicate C-20 
ketone its structure. The intensity the band 1745 such that 
much too small attribute this peak unhindred pentacyclic 
ketone group. The fact that does not react with the Zimmermann re- 
agent would also preclude the presence C=O group ring 
the other hand, there the possibility that the 1745 band may repre- 
sent aldehyde group. Some aldehydes are known absorb infrared 
energy the neighborhood (1738-1720 However, 
the intensity this band such that precludes being due free 
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aldehyde group. addition there only suggestion absorption 
band the area where free aldehydes have typical absorption 
band The Beckman spectrophotometer spite 
its high resolving power did not produce better resolution the bands 
this region the spectrum than the Perkin-Elmer infracord spectro- 
photometer (figure 2). 

Although two compounds besides corticosteroids having the dihydroxy 
side chain are known react (43) with the acid phenyl- 
hydrazine reagent Porter and Silber give characteristic chromogens, 
compound could not have the same structure least with respect 
C-21 side chain since the former compounds readily reduce ammoniacal 
silver nitrate. gave negative silver nitrate reaction. virtue the 
reactions given acid lactone-3-one and 
aldosterone hemiketal reported Neher and Wettstein (44) 
these two compounds may eliminated possibilities. conjectured 
also that their paper chromatographic mobilities would much less 
the toluene-propylene glycol system than The compound 
16a-ol-3,20-dione, recently isolated the Ciba group from adrenal 
glands (4, can also eliminated possibility the basis its mo- 
bility paper chromatograms. this time, therefore, none the adrenal 
steroids known structure appear similar and obvious 
that additional information required before its structure can eluci- 
dated. 

The well known fact that corticosterone the main steroid produced 
the rat adrenal gland has been well substantiated this investigation. 
relatively large amount this substance was obtained contrast the 
minute amounts aldosterone and and the small amounts Be- 
cause this fact difficulty was experienced its isolation and absolute 
identification. 

The minute amount which was isolated will the subject fur- 
ther investigations. Although its mobility was almost the same that 
cortisol the toluene-propylene glycol system, its failure react with 
the blue tetrazolium reagent indicates that this substance not cortisol. 
This finding does not substantiate former claims that cortisol was pro- 
duced the rat adrenal gland (2, 20) but confirms the evidence obtained 
other investigators using paper and fluores- 
cent techniques that the rat not cortisol producer. Since 
was found have almost the same mobility 17a-hydroxy-11-deoxy- 
corticosterone the toluene-propylene glycol system and since corti- 
sol mobility the same system, analogy compound and cortisol 
the introduction one more hydroxy group would probably result 
compound which would have the same mobility paper chromato- 
grams This, course, based the supposition that apart 
from this additional hydroxyl group, has the same structure Evi- 
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dence substantiating this suggestion was presented recently Birming- 
ham (18). Eluates zone gave positive reaction paper with 
acid phenylhydrazine reagent (18) addition giving retarded 
blue tetrazolium reaction. did not reduce ammoniacal silver nitrate. 
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ENDOCRINE EFFECTS METHYLENEDIANILINE 
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ABSTRACT 


Effects methylenedianiline were investigated the rat, the rabbit, and 
the dog. the castrate female rat, this compound produced adrenal hyper- 
trophy, enlargement the uterus, and was goitrogenic. the dog, 
dianiline effected marked inhibition adrenal 17-hydroxycorticoid secretion. 
the immature female rabbit, this compound elicited progestational prolifera- 
tion the endometrium which was shown adrenal-dependent. Adrenal- 
ectomy well cortisone-treatment blocked the progestational effect 
methylenedianiline. Inasmuch these effects are also amphe- 
none, these studies provide evidence that the ketone structure not 
essential for the responses observed. However, methylenedianiline lacks the 
marked effect amphenone. 


unique endocrine effects produced amphenone (1, have 

led further investigations less complex, related compounds 
order determine structural requirements for endocrine altera- 
tions. 

The following animal experiments demonstrate certain endocrine re- 
sponses 4,4’ methylenedianiline, compound which 
lacks the ketone and the methyl groups amphenone (Fig. 1). Results 
described here indicate that many the pharmacological effects 
methylenedianiline are similar those amphenone including the inhibi- 
tion adrenocortical steroid secretion the dog (3) although the marked 
anesthetic effect the latter compound was longer apparent. 


MATERIALS AND METHODS 


each the experiments described, methylenedianiline dihydrochloride was ad- 
ministered aqueous solution. 

studies the rat, Sprague-Dawley strain females, weighing 100-150 gm. wer 
bilaterally ovariectomized. Treatment was begun days later. The compound was 
given daily gavage 0.5 ml. solution 150 mg./kg. 200 mg./kg. Commercia! 
stock diet was available lib. The animals were sacrificed exposure chloroform 
Body and organ weights were recorded. Tissues were fixed solution and 
stained routine hematoxylin and eosin. 

the dog studies, adult mongrel males were used. standard commercial 


was fed. Body weights ranged from 5-17 kg. The drug was administered the intra- 


Received October 22, 1959. 


470 


= 
| 
~ 


Varch, EFFECTS METHYLENEDIANILINE 471 


CH 


ormulas 4,4’-methylenedianiline and 


mphenone. 


AMPHENONE DIANILINE 


enous route. Details adrenal vein cannulation and determina- 
ions have been described previously (3). 

studies the rabbit, progestational activity was determined means modi- 
Clauberg assay. Immature female New Zealand white rabbits (600-800 gm.) from 
single colony were used. All drugs were injected subcutaneously. Methylenedianiline 
was given ml. aqueous solution for each 100 mg. administered. 

treatment, surgical techniques, autopsy procedures and standards for inter- 
pretation the progestational responses have been described (2). autopsy adrenal 
were recorded the nearest mg. Roller-Smith torsion balance. 

the tests for possible properties methylenedianiline aqueous 

solution the drug was injected slowly into the marginal ear vein the adult male 
New Zealand white rabbit. 


RESULTS 
Endocrine Effects the Rat 


the castrate female rat, daily oral administration methylenediani- 
line dihydrochloride doses 150 mg./kg. 200 mg./kg., for periods 
days, resulted adrenal, thyroid, and uterine hypertrophy. Table 
shows results representative series animals after days treat- 
ment. Although the mean body weight the treated animals was 17% 
less than that the untreated controls, the mean uterine, adrenal, and 
thyroid weights the treated groups represented increase 71%, 
57% and 92% respectively. Histologically, the zona fasciculata and zona 
reticularis the adrenals from the treated animals showed extensive lipid 
accumulation. Thyroid follicles these animals contained little 
colloid. The endometrium presented atypical folliculoid response such 
that observed following amphenone treatment (1). 


Adrenocortical Secretion the Dog 
series dogs, acute intravenous administration methylenedi- 


iniline dihydrochloride was followed prompt decrease the secretion 


TABLE EFFECTS METHYLENEDIANILINE CASTRATE RAT 


body 
Treatment No. rats Final 


wt. (g.) (mg.) (mg.) (mg.) 
186 +26 102 +17 


Given the dihydrochloride 150 mg./kg. 0.5 ec. daily orally for days. 


Uterine wt. Adrenal wt. Thyroid wt. 
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rate 17-hydroxycorticoids. Doses ranging from kg. 100 mg./kg. 
were given aqueous solutions. Results representative experi- 
ments two dogs are shown Figure single injection the drug pro- 
duced 8-fold decrease 17-hydroxycorticoid output minutes after 
administration. This decrease was followed partial recovery secre- 
tory capacity minutes later. experiments which blood samples 
were collected two hours post-treatment, the 17-hydroxycorticoid content 


Treatment 
Methylenedianiline 
12.25 kg. 16.8 kg. 
17-OH secretion the dog. 


100 mg./kg. 75 mg./kg. 


17-OH CORTICOIDS MCGM./MINUTE 


+30 +60 +30 +60 
TIME MINUTES 


had returned pre-treatment levels. Following drug administration 
these levels, there was temporary rise arterial blood pressure together 
with increased blood flow from the lumbo-adrenal vein. 


Effects the Rabbit 


series experiments (Table methylenedianiline and progesterone 
were compared with respect endometrial and adrenal weight effects 
the rabbit. Series total dose gm. methylenedianiline was 
required elicit progestational response equivalent that 0.5 mg. 
progesterone. This indicates activity approximately 0.05% that pro- 
gesterone. The mean adrenal weight the progesterone-treated group was 
mg. while the mean the group receiving methylenedianiline gm.) 
increased 169 mg. order eliminate possible endogenous sources 
progesterone factor the progestational response methylenediani- 
line, additional series animals were either ovariectomized adrenal- 
ectomized and ovariectomized. Results Table Series show that 
methylenedianiline well progesterone induced progestational re- 
sponse the absence the ovaries. However, following combined ovari- 
ectomy and adrenalectomy (Series III, Table 2), methylenedianiline 
not produce progestational response. Progesterone, on. the other hand, 
exerted its characteristic effect. 

another series (Series IV, Table 2), intact rabbits were treated wit! 
methylenedianiline, cortisone acetate, progesterone and combinations 
When cortisone acetate (12.5 mg.) was administered together wit! 


14 
12 
10 
8 
6 
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methylenedianiline gm.), the progestational response was suppressed. 
The adrenals this group had atrophied (mean=64 mg.) whereas the 
adrenals those animals methylenedianiline alone were markedly 
hypertrophied mg.). The mean adrenal weight the pro- 
gesterone-treated group was mg. Cortisone acetate (12.5 mg.) alone did 
not affect the progestational response progesterone. 

group rabbits which did not receive estrogen prior treatment 
with methylenedianiline gm.) failed exhibit progestational re- 
sponse. 

Methylenedianiline was also tested for possible anesthetic effects the 
rabbit. Doses 100 mg./kg. were lethal rabbits and, lower doses 
(66 mg./kg.), there was evidence that methylenedianiline produced 
anesthetic effect group rabbits. 


TABLE EFFECTS ALTERED ENDOCRINE STATUS THE PROGES- 
TATIONAL RESPONSE METHYLENEDIANILINE 


No. Total dose Operative Progestational 


Compound (mg.) proliferation 
Methylenedianiline 1000.0 None +4, 
Progesterone None +4, +3, +4, 
Methylenedianiline 
+Ovariectomy 
+4, 
Methylenedianiline 
Progesterone None +4, 
Progesterone 
+Cortisone None +4, +3, 


Ten estradiol-17 beta administered 0.25 ml. sesame oil solution daily for days 
followed days treatment with test compounds. All compounds injected subcutaneously. 


DISCUSSION 


The pharmacological effects methylenedianiline (diaminodiphenyl- 
methane) described here are many respects similar those elicited the 
diaminodiphenyl compound amphenone when the same species are treated 
under similar experimental conditions. the rat, the pronounced goitro- 
genic effect observed after methylenedianiline treatment confirms the 
earlier report Astwood al. (4). similar action has been 
reported for amphenone (1). 

One the most noteworthy differences between the two compounds 
was seen the dog. Although both amphenone and methylenedianiline 
effect marked inhibition the secretion rate adrenocortical steroids, 
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the consistent increase arterial blood pressure following administration 
the latter compound was marked contrast the temporary decrease 
pressure usually seen after amphenone treatment. This blood pressure 
effect may explained the known anesthetic qualities amphenone 
which when superimposed the sodium pentobarbital anesthesia produce 
fall blood pressure. Methylenedianiline, the other hand, has been 
shown have anesthetic action that here the probable stimulus for 
the transient rise arterial pressure was the physiological response the 
increase circulating fluid volume following the rapid intravenous injec- 
tion aqueous solutions (25 ml.) the drug. 

the rabbit, the progestational response methylenedianiline which 
was found mediated the adrenal glands similar the adrenal 
progestational effect amphenone except that the potency the former 
compound approximately times that amphenone. 

apparent that methylenedianiline requires estrogen-primed 
uterus order induce the adrenal-progestational response. Progesterone 
alone, however, can exert such response higher doses (5). Possible 
mechanisms for adrenal progestin secretion have been discussed 
earlier paper (2). 

The findings reported here demonstrate that the ketone structure 
not essential for endocrine effects previously reported for amphenone. 
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PHYSEAL FOLLICLE-STIMULATING HUMAN 
CHORIONIC GONADOTROPHIC HORMONE 
ALLOXAN DIABETIC 
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and 
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ABSTRACT 


Atrophy the female rat reproductive system nineteen days after adminis- 
tration diabetogenic dose alloxan was comparable that reported 
nineteen day post-hypophysectomized adult female rats. The administration 
FSH produced positive stimulation follicular growth with the 
formation small-medium follicles. effect the interstitial tissue was 
found the highest administered FSH dose 320 ug. The administration 
100 HCG resulted repair interstitial tissue and the highest dose 
(400 development large follicles and corpora lutea. suggested 
that the major factor accounting for impaired gonadal function defective 
decreased release hypophyseal hormones. 


EPRODUCTIVE dysfunction and associated alterations the histo- 

logical appearance the gonads and accessory reproductive organs 
diabetes mellitus have been documented clinically (1, 2), and ex- 
perimentally (3, 6). Recent pituitary bioassay studies have shown that 
the anterior pituitaries alloxanized diabetic female rats contain gonado- 
trophic hormones amounts comparable those control rats (7). The 
present study was undertaken effort elucidate whether deficient 
ovarian response gonadotrophic hormones could partial cause for 
the reproductive dysfunctions seen the diabetic rat. 


MATERIALS AND METHODS 


Female rats the Long-Evans strain were made diabetic with alloxan 59-66 days 
age (8). All animals were fasted approximately hours prior tail vein administra- 
tion saline solution alloxan, dose mg./100 gm. body weight. Im- 
mediately following rapid injection the drug, all animais were allowed access food. 
Fourteen days after alloxan administration these animals received subcutaneous in- 
jections saline solutions follicle-stimulating? (FSH) human gonado- 
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trophic (HCG). Total doses 80, 160 and 320 follicle-stimulating 
hormone and total doses 100, 200 and 400 human gonadotrophic 
hormone were given four daily injections. Animals were autopsied hours after the 
last injection hormone, nineteen days after alloxan administration. the time 
autopsy the ovaries and uteri were examined under microscope, dissected 
out, weighed, and fixed Bouin’s fluid. 

Rats were fed standard laboratory libitum and given free access tap water. 
Twice week the diet was supplemented with fresh lettuce. All rats were maintained 

Non-fasted blood and urine glucose levels were determined Nelson’s modification 
the Symogyi procedure (8). Only rats with and persistent blood sugar 
levels above 400 mg.% for ten days prior hormone injections were judged diabetic 
this experiment. 

Evaluation the hormone preparations ovarian and uterine morphology 
and function was based upon the organ weights and the study hematoxylin and 
eosin stained secions ovaries from treated and non-treated diabetic well 
comparison such gonads with those from normal non-diabetic rats the same 
age. The dose follicle-stimulating hormone which produced healthy small-medium 
follicles with beginning antrum formation was considered the minimum effective dose. 
Beginning repair ovarian interstitial tissue was judged increase the vesicu- 
larity the nuclear pattern, increase the size, and depth stain- 
ing these cells. 


RESULTS 


Untreated normal and Diabetic rats: autopsy, nineteen days after al- 


administration, atrophy the ovaries and accessory reproductive 


organs was grossly evident the diabetic untreated rats (Table 1). The 
mean weight ovaries from non-diabetic normal rats was mg.; more 
than double that ovaries from non-treated diabetic rats (21 mg.). His- 
tologic examination the untreated diabetic rat ovary revealed small- 
healthy and occasional small-medium atretic follicles. The ovarian inter- 
stitial cells were atrophic, with nuclei and scanty cytoplasm. The 
normal control ovaries showed small, medium and large follicles, corpora 
lutea were present, and there was normal, healthy appearing interstitial 


was prepared for sheep pituitaries according the method Jensen al. (11) This 
preparation has been standardized immature hypophysectomized female rats for 
follicle-stimulating activity. The minimum effective dose one rat unit (12), 
injected subcutaneously over four days, was found elicit minimal response follic- 
ular growth characterized healthy follicles with just beginning antrum formation. 

HCG was obtained powder form commercial preparation supplied Win- 
throp. This hormone has been re-standardized its ability cause repair ovarian 
interstitial tissue immature hypophysectomized rats the Long-Evans strain. 
total dose 200 wg. caused partial repair ovarian interstitial tissue the test animal; 
400 produced full repair interstitial tissue these rats. 

All animals were maintained modified MeCollum Diet which consists 
ground whole wheat 67.5%, casein 15%, skim milk powder 7.5%, sodium chloride 
0.75%, carbonate 1.5%, melted fat 6.75%, fish oil (Vit. and concentrate) 
1%, solution added provide per gm. diet. 
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tissue. The average uterine weight normal non-diabetic rats was 357 mg. 
opposed the mg. average uterine weight non-treated diabetic 
rats (Table 1). interesting that the degree atrophy seen the non- 
treated diabetic rat, nineteen days after alloxan administration, compar- 
able magnitude involution the reproductive system nineteen-day 
post-operative hypophysectomized rats the same age and strain (9). 
Diabetic rats: total dose 160 FSH did not ap- 
pear augment ovarian weights diabetic rats (Table 1). histological 
examination, however, the appearance the ovaries from this group did 
positive stimulation follicular growth. Healthy small and small- 
medium follicles were present, interspersed the sub-normal interstitial 


TABLE OVARIAN AND UTERINE RESPONSE ALLOXAN DIABETIC RATS TREATED WITH 
FOLLICLE-STIMULATING HORMONE (FSH) HUMAN CHORIONIC GONADOTROPHIC (HCG) 


Group dose rats weight Wei 
tested mg. mg. Folliclest 
Diabetic Non-Treated 64+ 21+2 atretic Deficient 
Diabetic FSH 87+10 s,sm Deficient 
160 91+10 sm, atretic Deficient 
400 307 +41 72+7 sm, Hypertrophy 


Standard error the mean. 
Small follicles (s) measures 0.38 mm.; small medium (sm) mm.; medium 


(m) mm.; medium large (ml) mm.; large (1) mm. (CL) Corpora 
lutea. 


tissue typically observed the ovaries diabetic rats (3). The administra- 
tion 320 FSH caused increase ovarian weight the animals 
treated. Study the anatomy these ovaries showed the 
presence healthy, small, small-medium, medium follicles, and follicles 
which had reached medium-large size. the lower dose levels, alter- 
ation was found the morphological characteristics the interstitial 
tissue. The average uterine weight the injected rats (receiving 320 
FSH) was slightly above that found the non-treated group. 
HCG-treated Diabetic rats: total dose 100 ug. HCG did not have 
effect the ovarian weight diabetic rats, but did elicit definite in- 
crease mean uterine weight, from 181 mg. (Table 1). Histological 
examination the ovary disclosed healthy, small-medium follicles. The ap- 
pearance the interstitial tissue these ovaries was greatly improved and 
almost restored the normal condition; the nuclei were oval and vesicular, 
without the appreciable clumping folding characteristic the sub-nor- 
mal ovarian interstitial tissue reported previously untreated diabetic 
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rats (3). this dose, however, the cytoplasm the interstitial tissue still 
appeared pale comparison normal. total dose 200 ug. HCG 
increase ovarian weight from mg. mg. was evident. 
average uterine weight 212 mg. was obtained this group treated 
rats from mg. Furthermore, the dose 200 HCG caused full repair 
hypertrophy the ovarian interstitial tissue, and resulted the growth 
follicles attaining large size. Ovaries from this group also manifested 
medium-sized, fluid-filled, luteinized follicles containing degenerating eggs 
and many macrophagic cells. the highest dose HCG, 400 ug., 
marked increase ovarian weight occurred, the average weight being 
above that normal, rats. Medium-large follicles, few cor- 
pora lutea, and fully repaired interstitial tissue were present. The average 
uterine weight diabetic rats receiving 400 HCG was increased 307 
mg. from the average value mg. observed untreated diabetic rats; 
this weight was quite comparable the average (357 mg.) weight uteri 
removed from non-diabetic normal rats. 


DISCUSSION 


study reported Shipley and Danley (10) was shown that the 
administration relatively large doses crude anterior pituitary extracts 
fifty-days-old, alloxan-diabetic rats resulted ovarian weight in- 
crease comparable that obtained similar treatment non-diabetic 


‘animals the same age. From this observation they concluded that im- 


balance pituitary function, rather than ovarian insufficiency, respon- 
sible for gonadal dysfunction alloxan-induced diabetic rats. 

the present study, the administration hypophyseal follicle stimu- 
lating hormone appeared evoke ovarian response that was essentially 
identical that obtained other workers following similar treatment 
adult hypophysectomized rats the same strain (9). The ovary the 
adult diabetic rat thus appears sensitive FSH the ovary 
adult hypophysectomized rats. The presence healthy small follicles 
the ovaries the non-treated diabetic rat makes unwise, however, 
rule out the secretion least small amounts gonadotrophic hormones 
the pituitary gland the diabetic rat, adding the effectiveness the 
exogenously administered FSH. 

The administration HCG resulted full repair the interstitial 
tissue the diabetic rats studied. addition, dose levels 200 HCG 
elicited the appearance healthy, small-medium follicles and some 
luteinization the theca interna. total dose 400 ug. HCG produced 
medium-large follicles, extensive luteinization follicles, and the ap- 
pearance corpora lutea the ovaries diabetic rats. Since follicular 
growth not stimulated the ovaries hypophysectomized rats treated 
with ICSH (9), the ovarian follicle response the treated diabetic rats 
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suggests stimulation hypophyseal function, either directly the HCG 
indirectly ovarian hormone output. 

The ovarian response the diabetic rat exogenous administration 
trophic hormones must also considered the light the recent report 
that diabetic rat pituitary gonadotrophic hormone content normal 
even increased; differences plasma titers were not detected, however (7). 
The results the present study would thus lend support the hypothesis 
that defective insufficient release hypophyseal 
mones probably major factor responsible for the impaired gonadal 
tion observed diabetic female rats. 
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THE EFFECT HYPOTHALAMIC LESIONS THE 
TESTES AND PROSTATE MALE 


JULIAN DAVIDSON WILLIAM GANONG 


Department Physiology, School Medicine, University California, 
San Francisco, California 


ABSTRACT 


The hypothalamic lesions testicular function were studied 
mature male dogs. Destruction the posterior median eminence dogs) 
resulted testicular and atrophy without evidence adrenocortical 
thyroid inhibition. these dogs, seminiferous tubule diameter and testicu- 
lar and weight and histology were similar those hypophysecto- 
mized dogs. One animal with lesion involving the most caudal part the 
posterior median eminence had atrophic seminiferous tubules and normal inter- 
stitial tissue. animals lesions did not involve the posterior median 
eminence, and testicular weight and histology were normal. Serial evaluation 
sperm count and motility the dogs with lesions revealed prompt 
disappearance motile sperms four the six animals with posterior median 
eminence lesions. the other two dogs, spermatogenesis persisted for eight 
and days respectively before declining negligible levels. Four dogs with 
lesions the anterior and middle median eminence showed moderate decline 
the number and motility spermatozoa ejaculated, without atrophy the 
gonads. Sperm count and motility remained normal two three dogs with 
normal testes and lesions sparing the median eminence. The significance these 
findings discussed. 


atrophy following hypothalamic lesions has been re- 
ported the male dog (1, 3), rat (4), and guinea pig (5), but de- 
tailed study the effects such lesions the histology the gonads and 
reproductive organs are not available. the present paper, the 
weight and histology the testes and prostate and the quality and quan- 
tity semen ejaculated for dogs with hypothalamic lesions are reported. 


METHODS 


Sixty-three sexually mature male dogs were studied. eight these animals, 
testicular biopsies were the criterion sexual maturity and reproductive normality. 
the remaining animals, the criterion was ejaculate containing large numbers 
motile sperms. Ejaculation was induced manual massage the penile bulb through 
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its preputial covering. The semen was collected graduated tubes and placed 
bath warm water. The motility evaluation was made immediately after ejaculation 
viewing drop semen placed warm slide under the microscope. Total sperm 
content per ejaculate was estimated counting the 
after making 1/100 dilution semen with 10% neutral formol saline. The following 
arbitrary categories were used evaluating motility: 75% more the sperma- 
tozoa vigorous progressive motion. 75% the spermatozoa progres- 
sive motion. less than 50% progressive motion. motile spermatozoa. 
animals were the experiments unless they showed large numbers 
spermatozoa motility two specimens collected two three days apart the 
preoperative period. 

lesions were produced the technique Hume and Ganong (6) 
these normal dogs. Six were subjected hypophysectomy the transbuceal ap- 
proach and were castrated. After three-week rest period, urinary output was 
measured nine the dogs with lesions for least two days (2), and thyroidal radio- 
active iodine uptake was determined (7). Seven dogs with lesions were anesthetized with 
pentobarbital and the right adrenal vein cannulated the technique Hume and 
Nelson (8). Adrenal venous blood samples were centrifuged immediately after collection 
and the plasma stored the frozen state. 17-hydroxycorticoid content was determined 
the method Silber and Porter (9). 

Except for one dog with lesion that died days postoperatively, all operated 
animals were sacrifieced days postoperatively. The testes, prostates, adrenals and 
thyroids were removed, weighed, and fixed Bouin’s solution. The testes were weighed 
normal dogs and the prostate 16. Representative sections the testes were 
stained with hematoxylin and eosin, with iron hematoxylin and aniline blue. The 
testes and prostates three normal dogs were similarly prepared. Thyroids, adrenals 
and prostates were stained with hematoxylin and eosin. The pituitary was removed for 
subsequent bioassay dogs. The results the assays will reported separately. The 
hypothalamus these dogs and the hypothalamus with attached pituitary the others 
were removed, fixed formalin, and serially sectioned at.16 Every tenth section was 
stained with hematoxylin and eosin. The each lesion were reconstructed 
sagittal projection the dog hypothalamus. some animals, camera lucida tracings 
were made the outlines Leydig cell nuclei, and the areas the nuclei measured 
planimetry. Estimates the mean diameter the seminiferous tubules were made 
using eyepiece micrometer attachment the microscope. Under suitable magnifica- 
tion, twenty roughly circular cross sections seminiferous tubules were randomly 
selected each testis studied. The smallest diameter each tubular cross section was 
measured and recorded. The average these readings was the “mean tubular di- 
expressed arbitrary micrometer units. 


RESULTS 


Marked testicular atrophy was present dogs with hypothalamic 
lesions. The area common the lesions these animals (Fig. was the 
infundibular stem and corresponded the area designated posterior me- 
dian eminence Hume’s classification areas (3). evi- 
dence testicular atrophy was found dogs which this region was 
spared (Fig. 1). The area destroyed the lesions these latter dogs in- 
cluded the anterior and middle part the median eminence and much 
the ventromedial and dorsomedial nuclei. The mean testicular weight 
dogs with posterior median eminence lesions was mg./kg. body 
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dogs with lesions elsewhere, was 1250 +40 mg./kg., re- 
productively normal dogs, 1350+60 mg./kg., and six hypophysecto- 
mized dogs, 496 +40 mg./kg. 

The histological picture the testes and prostate dogs with gonadal 
atrophy was essentially the same that observed after hypophysectomy. 
The mean diameter the seminiferous tubules the dogs with posterior 
median eminence lesions was arbitrary units, and dogs with 


COMMON AREA DESTRUC- 
TION DOGS WITH 
TESTICULAR ATROPHY 


TOTAL AREA DESTROYED 
BILATERALLY DOGS 
WITH NORMAL TESTES 


Location lesions associated with gonadal atrophy male 
dogs. AL= Anterior lobe pituitary. PL= Posterior lobe pituitary. 


lesions elsewhere 24.6 +0.6 units. the hypophysectomized dogs, was 
units. the atrophied testes (Fig. spermatozoa and sperma- 
tids were absent. Spermatocytes were drastically reduced number, often 
being clumped together and presenting other unusual features. The lumina 
the seminiferous tubles were obliterated. 

There was severe involution the interstitial tissue the testis the 
dogs with posterior median eminence lesions. The Leydig cells were reduced 
size, their nuclei were pyknotic, and there was marked shrinking the 
cytoplasm. several dogs, planimeter measurements the area Leygid 
cell nuclei the preoperative testicular biopsy specimen and the testicular 
specimen obtained autopsy permitted objective verification the ef- 
fects lesions the interstitial cells. two dogs with posterior median 
eminence lesions, the estimated decreases Leydig cell nuclear area after 
lesion production were 38% and 34% respectively. 

The prostate gland was studied dogs with lesions. Six these dogs 
had testicular atrophy. The mean weight the prostate these animals 
was 315+79 mg./kg. body weight compared with mean value 
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654+71 mg./kg. for normal dogs, and mg./kg. for the seven 
dogs with lesions and normal testes. six hypophysectomized dogs the 
was 289+50 mg./kg., while castrate dogs, was 
mg./kg. Histologically, the prostate dogs with posterior median emi- 
nence lesions was severely atrophic with reduction the glandular tissue 
the thin lining narrow clefts fibrous stroma (Fig. 3). These conditions 
were essentially identical those found hypophysectomized and castrate 


= 


2A. Preoperative biopsy specimen 2B. Testis dog days after 


eosin). Hematoxylin and eosin). 


animals. The histological findings the dogs with lesions other parts 
the hypothalamus were not significantly different from that normal dogs. 
One dog with severe atrophy the seminiferous tubules and sharp de- 
cline testicular weight showed interstitial tissue which was generally 
healthy appearance. The area Leydig cell nuclei this dog showed 
estimated increase between the preoperative biopsy and the autopsy 
specimen. The lesion involved the posterior limb the infundibulum and 
part the anterior, but least portion the posterior median eminence 
was intact. The lesion extended into the anterior-most portion the mam- 
millary body and the caudal portion the ventromedial nucleus. 
Thirty-five ejaculates were collected frem three unoperated control dogs 
over period days. Sperm counts ranged from million 850 
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3A. Normal dog prostate (X55. 3B. Prostate dog days after 
Hematoxylin and eosin). production hypothalamic lesion 


Hematoxylin and eosin). 


million per ejaculate. Sperm motility was rated all but three these 
specimens, and these three was rated “B.” each four hypophy- 
sectomized dogs, semen collections were attempted several times com- 
mencing three five days postoperatively. One dog ejaculated million 
sperms motility three days after hypophysectomy, but, except for 
this specimen, ejaculates could not obtained the hypophysectomized 
dogs. 

The effects diencephalic lesions sperm count and motility were 
studied dogs. Two these animals, one with unilateral lesion the 
thalamus and dorsal hypothalamus, and the other with lesion above the 
median eminence, continued produce ejaculates containng high sperm 
counts and with good motility. Testicular histology was normal both 
dogs. other dogs without testicular atrophy, there was deterioration 
semen quality without aspermia. one these animals ejaculation 
ceased after lesion production and returned only shortly before autopsy. 
Another dog this group produced only one specimen low count and 
poor motility, but this animal had distemper the postoperative period and 
was not studied consistently. The other dogs continued ejaculate inter- 
mittently, and both sperm count and motility ratings were generally below 
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the normal control values. all these animals, the lesions destroyed 
part the anterior middle median eminence, and one case, there was 
unilateral destruction the posterior median eminence. 

the remaining dogs, ejaculation semen containing motile sperm 
had ceased the time autopsy. One these dogs had small unilateral 
lesion above the median eminence and normal testes, but the remaining six 
had gonadal atrophy and posterior median eminence lesions. this latter 
group dogs, animals showed characteristics essentially the same 
that following hypophysectomy, i.e. prompt cessation ejaculation. The 
remaining two dogs this group produced ejaculates containing large 
numbers motile sperm until the eighth and fifteenth postoperative days 
respectively. Thereafter, ejaculation declined, and finally ceased. Typical 
results dogs with lesions are plotted Figure 

normal dogs, the thyroid took 30.2 +3.7% dose in- 
jected hours previously. The iodine uptakes hypophysectomized 
dogs were 1.1%, 2.1%, and 1.6%. all dogs with lesions uptake was 
the normal range, and thyroid histology was also essentially normal. 

Mean left adrenal weight the dogs with lesions and testicular atrophy 
was mg./kg., while the dogs with lesions elsewhere, was 
53.1+5.6 mg./kg. normal dogs, the value was 54.9 +0.5, and the 
six hypophysectomized dogs the value was all dogs with 
lesions which was measured, 17-hydroxycorticoid output after surgical 
trauma was within the previously published normal range for this labor- 
atory (10). Urinary output was measured five dogs with atrophy the 
gonads and four without. Output was greater than 700 two con- 
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secutive days one the former group and two the latter. Mean output 
normal dogs 256 +9.6 ml./day (2). 


DISCUSSION 


the dogs with testicular atrophy, there was common area de- 
struction the posterior median eminence. This finding agreement 
with previous studies the male dog (1, 3). Lesions other parts the 
median eminence were not effective. 

The data permit comparison the results hypophysectomy with 
those hypothalamic lesions quantitative basis the criteria tes- 
ticular weight and tubular diameter, and qualitatively, the criteria 
testicular and prostatic histology. all these parameters, the effects 
posterior median eminence lesions appear identical those hypo- 
physectomy. seems probable, therefore, that there was inhibition 
release FSH and ICSH these animals. another study (11), have 
found that lesions this location decrease the pituitary content both 
FSH and ICSH. Apparently, therefore, both secretion and production 
these hormones depressed. 

ascribing testicular atrophy the results lesions hypothalamic 
area related the pituitary, necessary consider the pos- 
sibility that the gonadal atrophy secondary pituitary infarction. This 
possibility seems unlikely for number reasons. the four cases 
which the pituitary was examined histologically, appeared normal. 
Acidophils and basophils were present roughly normal proportions. 
least the adenohypophysis must removed before gonadal atro- 
phy appears the male dog (12). The effective lesions the present series 
dogs destroyed only the most caudal the hypophyseal portal vessels, 
leaving the majority them intact. Large lesions the anterior and 
middle median eminence, destroying more the portal vessels, did not 
lead testicular atrophy. Furthermore, partial pituitary 
with the insertion impermeable barrier between the posterior median 
eminence and the pituitary dogs has been found cause decrease 
the basophils but other change pituitary cytology. Only with the 
final severance all vessels the portal system did atrophy and shrink- 
age the adrenohypophysis occur the dog (13). Finally, gonadal atro- 
phy the present study was not correlated with the extent damage 
the median eminence, but rather with destruction localized specific 
area. 

The one animal which showed extensive atrophy the seminiferous 
tubules with normal Leydig cells considerable interest. Unfortunately, 
the prostate was not examined this animal. The lesion this dog in- 
volved less the median eminence than those producing diffuse gonadal 
atrophy. None the other animals had lesion this precise location. 
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There data the literature regarding selective inhibition FSH 
secretion with hypothalamic lesions, but there considerable evidence 
favor center the anterior hypothalamus with the control 
ICSH release. Thus, Dey (14) observed constant estrus and ovaries con- 
taining many unruptured follicles guinea pigs following anterior hypo- 
thalamic lesions. Hillarp (15), Greer (16), and Van Dyke and associates 
(17) have confirmed this observation the rat. 

The studies sperm count and motility are considerable interest be- 
cause they give sequential picture the changes and 
gonadal hormone secretion. Two dogs with lesions and gonadal atrophy 
showed spermatogenesis for period days, followed disap- 
pearance ejaculation (Fig. 1). The lesions these two animals were not 
demonstrably different from those the four animals which ejaculation 
did not occur after lesion production. The hypophysectomized dogs showed 
prompt cessation ejaculation. Therefore, the reason for the ‘‘delayed re- 
sponse”’ dogs remains obscure. may relevant that these dogs, 
the preoperative sperm counts were higher than they were any the 
other dogs with posterior median eminence lesions. However, there are 
several reports the literature somewhat similar 
other endocrine phenomena following lesions. Greer (16) found that some 
rats that responded hypothalamic lesions with persistent estrus did 
only after several normal postoperative estrus cycles. Holmes, 
Hughes, and Zuckerman (18) found that following pituitary stalk section, 
female monkeys showed one two menstrual periods before becoming 
amenorrheic. 

the dogs with damage the anterior and middle portion the me- 
dian eminence, there was decrease semen quality without gonadal 
atrophy. This may well due partial inhibition gonadotrophin 
secretion, although definite data are available this point the pres- 
ent study. The depression spermatogenesis one animal with lesion 
above the median eminence remains unexplained. 

has been suggested that posterior pituitary hormones may neuro- 
humors involved regulating gonadotrophin secretion (19). this re- 
gard, interesting that there was correlation between the presence 
absence diabetes insipidus and gonadal atrophy. Since vasopressin 
secretion claimed largely under the control the supraoptic 
nucleus while oxytocin secretion regulated the paraventricular 
nucleus, these experiments not exclude possible role for oxytocin the 
regulation FSH and ICSH secretion (20). 
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NOTES 
LIGHT 


AND COMMENTS 
THE WEIGHT THE 
ABSTRACT 


Twenty-two day old male and female rats were placed continuous light, al- 
most continuous darkness under usual day-night conditions, for six twenty- 
five weeks. autopsy was found that the pineals the animals housed under 
continuous light were significantly smaller than the pineals either the laboratory 
controls the rats kept darkness. This suggests that the pineal may play role 
the changes reproductive activity seen rats exposed continuous light. 


EFFECT NEAL 


THE RAT! 


Removal the pineal the immature rat followed increase ovarian weight 
(1, 3), the cockerel decrease testicular weight (4). Administration pineal 
extracts also effects gonad weight. Recent work indicates that the ovaries are smaller 
immature rats given pineal extracts (5), while the gonads cockerels are heavier 
following such treatment (4). Since exposure altered light conditions also changes 
the weight the gonads rats (6, seemed that study the pineal such 
animals might prove interest. 


METHODS 


Fifty-three male and forty-seven female Sprague Dawley rats, twenty-two days age, 
were divided into three groups and placed continuous light, naturally lighted labora- 
tory nearly constant total darkness. For brief periods each day the rats housed dark- 
ness were exposed faint green light while being fed and cleaned. Two fluorescent lights 
provided the continuous light source. The intensity the light the cages was about seventy 
foot-candles. 

The male rats were all autopsied nine and one half weeks after the initiation the experi- 
ment while the females were autopsied intervals varying from six twenty-five weeks 
treatment. The animals were killed quickly and the ‘body weight taken. The pineal was 
dissected from the brain under binocular microscope and immediately weighed Roller- 


Smith balance. The ventral prostates were weighed, and the ovaries were examined and 
weighed. 


RESULTS 


analysis variance was carried out the data from the female rats varying 
ages. (Table first experiment.) The weights the pineals from the rats continuous 
darkness were not significantly different from the controls, but the pineals from the 
rats continuous light were significantly lighter weight <.001) than those the 
other two groups. second experiment (Table the decrease pineal weight rats 
continuous light for weeks was significant <.001 t-test. 

Analysis the data for the male rats (Table showed that the variance the 
pineal weights rats continuous light was significantly smaller than that the other 
two groups. Therefore, the Fisher-Behrens test was performed rather than analysis 
variance. Again, there was significant difference between the pineal weights rats 
continuous darkness and the controls, but the pineal weights the rats continuous 
light were significantly lighter than the other two groups. The differences 
body weight between the three groups male rats were not statistically significant. 

Some the male rats housed darkness had not yet matured, evidenced the 
small size the prostate these animals. All the males the other two groups had 
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TABLE 1. Bopy WEIGHTS OF FEMALE RATS KEPT IN CONSTANT LIGHT, TOTAL DARKNESS, OR 


UNDER USUAL LABORATORY CONDITIONS FOR SIX TWENTY-FIVE WEEKS 
Control rats Rats constant light Rats constant darkness 
rats gin. mg. rats gm. mg. rats gm. mg. 


First experiment 
weeks 


202 1.6 175 1.1 208 1.7 
weeks 212 1.9 198 195 1.4 
weeks 212 1.4 187 227 1.3 
weeks 236 1.6 195 257 1.3 
weeks 277 1.5 255 0.5 321 1.5 
Mean for all rats 1.6 1.5 
Second experiment 
weeks 286 1.5 


283 1.0 


well-developed prostates. The ovaries the female rats kept continuous light for 
nine weeks longer became increasingly follicular with time, rarely exhibiting anything 
but normal appearing atretic follicles. 


DISCUSSION 


These results indicate that light directly, through the nervous system, indirectly’ 
through hormone imbalance, affects the pineal body the rat. The decrease size 
the pineal reported here may related changes the secretory activity the 
pituitary, gonads, thyroid adrenal cortex, since, rodents, all these glands seem 
light (7, 10). The fact that rats, persistent estrus due their 
exposure constant light, will exhibit normal appearing reproductive cycles when in- 
jected with pineal extracts (11) indicates that the change the pineal reported here 
more likely related shift the secretion the gonadotrophins than changes 
the secretion the other hormones just mentioned. the other hand, may 
associated with changes the secretion hormones involved the maintenance 
water balance. There some evidence (12) that the hormone may 
secreted more actively rats under continuous light. 


Acknowledgments 


are indebted Dr. Mindel Sheps, Department Preventive Medicine, Har- 
vard Medical School, for advice the statistical treatment and interpretation the 


TABLE AND ORGAN WEIGHTS MALE RATS KEPT CONSTANT LIGHT, 
TOTAL DARKNESS UNDER USUAL LABORATORY CONDITIONS 
FOR NINE AND ONE-HALF WEEKS 


No. Body wt., gm. mg. 

Control Rats 300 1.7+0.09 

Rats Constant Light 302 1.2+0.06 

Rats Total Darkness 277 
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METABOLISM 16-KETOESTRONE HUMAN PLACENTA! 
ABSTRACT 
The vitro conversion 16-ketoestrone compounds characterized estriol 
and 16-ketoestradiol human placenta has been described. The pathways for the 
formation these two compounds the placenta appear and 
outline for the relationship these 16-oxygenated estrogens the human placenta 
proposed. 

Although 16-ketoestrone has been postulated natural precursor estriol (1), 
its actual role this regard has not yet been clearly defined. Slaunwhite and Sandberg 
isolated 16-ketoestrone from the urine subject given estrone (2), while Stimmel 
al. had clearly demonstrated the vivo conversion 16-ketoestrone estriol and 
(1). Breuer al. have reported the conversion 16-ketoestrone 
many 16-oxygenated metabolites human liver and ovary vitro (3). The present 
report describes the vitro conversion this compound human placenta into sub- 
stances with the characteristics estriol and 16-ketoestradiol. Interestingly, the path- 
ways for the formation these two metabolites appear distinct. 


MATERIALS AND METHODS 


Term human placentas were obtained delivery and processed according methods 
previously reported (4). The and supernatant fractions were used. 
Erlenmeyer flasks containing tissue preparations, cofactors and substrate dissolved pro- 
pylene glycol were incubated with agitation 37° air for one hour. 

Details the extraction procedure have been reported (4, 5). The incubation mixtures 
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TABLE 


CONVERSION 16-KETOESTRONE ESTRIOL AND 16-KETOESTRADIOL 


estrogens formed 


Substrate 


Estriol 16-ketoestradiol 


16-ketoestrone 


16-ketoestradiol 


Conditions: Placental 10,000 supernatant fraction equivalent grams wet weight 
tissue, 100 substrate and the following per phosphate buffer 50, ni- 
acinamide 40, ATP 10, and DPN total volume ce. incubated for one hour air 
37° The estrogens were purified described the text and isolated elution from 
paper chromatograms. 


were extracted three times with six volumes and the taken dryness. The 
residues were subjected pentane/90% methanol partition remove lipid, and 
the aqueous methanol extract was used for further purification. Phenolic separations were 
carried out previously described (4), followed paper chromatography and elution. 
Counter current distribution was carried out techniques previously reported (6). Paper 
chromatography was performed utilizing the Bush method (7) with three modified solvent 
systems:ligroin:toluene (2:1)/70% methanol, toluene/75% methanol and ethyl acetate: 
toluene (9:1)/60% methanol. The Heftman procedure for paper chromatography was also 
employed (8). Compounds were detected the Bush chromatograms the Turnbull Blue 
reaction (9). Estrogens were measured duplicate the fluorescence method Engel (6) 
and the Kober reaction modified Brown (10). The Bachman reaction was carried 
out paper described Axelrod (11), and purified estriol fraction was subjected 


the David reaction (12). The 16-ketoestrone was synthesized Dr. Huffman and was 
chromatographically 


RESULTS 
The 16-ketoestrone with human placental preparations, ATP and DPN 
always resulted the formation two major metabolites with the characteristics 
estriol and 16-ketoestradiol (Table 1). Since the incubation 16-ketoestradiol under 
the same conditions did not result the formation estriol, felt that 16-keto- 
estradiol not intermediate the placental system (Table 1). Control experiments 
without substrate did not contain detectable amounts steroids, and zero 
time extraction the complete system revealed only unchanged 16-ketoestrone (Table 
2). Controls were always run simultaneously with each incubation. keeping with 
previously reported studies, 16-ketoestrone and 16-ketoestradiol had only fraction 
the fluorogenic potency estriol (13). was therefore possible measure net 


TABLE CONTROL EXPERIMENTS 


Metabolites identified 
ystem total estrogen formed chromatography 
Complete system, incubated estriol, 16-ketoestradiol 
Complete system, zero time 16-ketoestrone (substrate) 
Minus substrate, incubated 


Conditions: Placental supernatant fraction equivalent grams wet weight 
tissue, 100 wg. 16-ketoestrone and the following per phosphate buffer 50, 
niacinamide 40, ATP and DPN total volume cc. incubated for one hour air 
37° The metabolites were isolated and characterized described the text. The above 
values are the average duplicate experiments within which there was quantitative and 
qualitative agreement. The use the 105,000 supernatant fraction under similar condi- 
tions gave equivalent 


The 16-ketoestrone was generously supplied Dr. Huffman. 
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fluorescence after incubation and demonstrate that this was due the formation 
estriol (Table 2). 

The estriol produced was characterized Kober chromogenic phenolic 
substance with values identical with known estriol run parallel the three modi- 
fied Bush systems described above. gave positive Bachman and David reactions. 
Counter current distribution 70% (4:1) system gave 
homogeneous curve consistent with estriol. The absorption curve the Kober chromo- 
gen was identical with standard estriol. 

The 16-ketoestradiol was characterized Kober chromogenic, phenolic 
substance with values identical with standard 16-ketoestradiol run parallel 
the three modified Bush systems and the Heftman system. gave fluorescence reac- 
tion with the Bachman reagent similar standard 16-ketoestradiol. 

One other definite metabolite appeared smaller amounts and had chromato- 
mobility similar 16a-hydroxyestrone but could not identified. 


DISCUSSION 


16-ketoestrone natural precursor estriol postulated (1), its metabolism 
the human placenta would important for understanding estriol biosynthesis 
during pregnancy. The present report demonstrates the vitro conversion this com- 
pound metabolites with the characteristics estriol and 16-ketoestradiol, yields 
10-12% for each. Breuer al. have reported the vitro conversion 16-ketoestrone 
many 16-oxygenated steroids including estriol and 16-ketoestradiol human liver and 
ovary (3). The same tissues will also convert 16-ketoestradiol estriol (3). the present 
study and other work previously published (5), 16-ketoestradiol not significantly 
metabolized the placental system and therefore not intermediate for 
the conversion 16-ketoestrone estriol under these conditions. This would suggest 
that the conversion 16-ketoestrone estriol mediated 16-keto hydro- 
genase. keeping with this, the report Langer al. (14) the conversion 16- 
ketoestrone 16-ketoestradiol but not estriol with the purified placental 
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Proposed pathway for the metabolism C-16 oxygenated 
estrogens human placenta. 
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dehydrogenase. Figure demonstrates proposed pathway for the metabolism 16- 

oxygenated estrogens the placenta. likely intermediate between 16-ketoestrone and 

estriol since its rapid conversion estriol the human placenta 

has been demonstrated (5). Since the supernatant fraction placenta 

active for all these reactions (Table 2), the postulated 16-keto hydrogenase would 

soluble enzyme. Preliminary studies with ammonium sulfate fractionation the soluble 

placental preparations have not yet resulted separation the activities. 
KENNETH RYAN 
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EFFECT INTRAVENOUS DDD PLASMA 17-HYDROXY- 
CORTICOID SECRETION THE DOG 
ABSTRACT 


dichloroethane DDD) produced marked decrease the secretion rate 
plasma 17-hydroxycorticoids the dog when given daily doses 50-54 mg./kg. 
for days mg./kg. for days. suitable infusion medium was prepared 
rapid mixing ethanol, propylene glycol solution DDD with commer- 
cial oil-in-water emulsion (Lipomul I.V.). 


The development suitable vehicle for the intravenous administration fat- 

soluble compounds offers means eliminating the problem incomplete absorption 

frequently associated with the oral administration compounds such 
Received November 1959. 
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Moreover, the possibility increased effectiveness smaller dose given for shorter 
period time presents opportunities for testing compounds limited supply. 

This paper describes the preparation such infusion medium together with data 
showing the effectiveness DDD reducing the output adrenal vein plasma 
steroids when the drug was given intravenously this vehicle. 


MATERIALS AND METHODS 


Stock solutions 15% DDD were prepared the addition 
DDD heated mixture propylene glycol-absolute ethanol. The stock solution was then 
slowly into commercially available oil-in-water emulsion (Lipomul I.V.) while the 
emulsion was being shaken rapidly machine. vehicle containing mg. DDD per 
ml. was prepared this manner adding ml. either the 10% stock solution 
(equal parts propylene glycol-absolute ethanol) ml. Lipomul. Propylene glycol and 
absolute ethanol (1:2) were used prepare the 15% stock solution DDD and ml. 
this concentrate was added ml. Lipomul for preparation emulsion containing 
mg. DDD per ml. 

Adult male and female mongrel dogs ranging weight from kg. were used 
these experiments. Various dose levels the DDD emulsion described above were in- 
fused via the cephalic vein. hours after the last infusion, anesthesia was 
induced with intravenous Nembutal (27 mg./kg. body weight). The right adrenal vein was 
cannulated using the technique Hume and Nelson (1). Plasma from minute samples 
adrenal vein blood was used for steroid assay. Peterson’s modification (2) the Silber-Porter 
method was used for the determination plasma 17-hydroxycorticoids. 


RESULTS 

Results are shown Table Plasma secretion rates those 
animals treated with vehicle only (No. and were within the range for untreated 
normal dogs. marked decrease 17-hydroxycorticoid output was seen after intra- 
venous administration DDD (No. 4-8). With one exception, the animals were 
under Nembutal anesthesia while receiving the infusion. Dog No. received the emul- 
sion rapid injection without anesthesia. will noted that 0,p’ DDD daily doses 
mg./kg. for days 75-95 mg./kg. daily for days effectively inhibited 17- 
hydroxycorticoid secretion. 

Variable results were obtained when combinations mg. DDD/kg. were 
given the first day followed lower doses the second and third day treatment. 
several dogs treated this manner, plasma were markedly 
suppressed some instances and normal others. 

order check the effect the vehicle plasma steroid content, recoveries 
added hydrocortisone were made from samples dog plasma together with samples con- 
taining the vehicle (Lipomul-propylene glycol-ethanol 90:5:5) mixed with dog plasma 
concentrations approximating immediate post-infusion blood levels the emulsion. 
There was effect vehicle recovery plasma 17-hydroxycorticoids. 


TABLE INHIBITION 17-HYDROXYCORTICOID OUTPUT AFTER 
INTRAVENOUS ADMINISTRATION DDD 


Concentration Daily 17-OH corti- 
Wt. (kg.) DDD rate coids (plasma) 


19. 
13. 
13. 
10. 
16. 
13. 
10. 


| 


Vehicle only None 


we 
| 


Dogs No. through received infusions daily for days; dogs and for days. 


Dog 
No. 
) 
) 
a 
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Although DDD has been found inhibit adrenocortical function when given 
orally (3, 4), this report demonstrates the effectiveness intravenous administration 
the drug based the preparation vehicle which adequate for intravenous use. 
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9:05 tribute Normand Hoerr 
Epwarp Western Reserve University 
9:10 CIRCULATION THE PITUITARY 


Chairman: Roy Harvard University 


499 


500 ANNOUNCEMENTS Volume 


General and comparative aspects pituitary circulation 
Green, University California Medical Center, Los Angeles 
Relationships pituitary vasculature physiology the pars distalis 

Joun Everett, Duke University 
Initial Discussant: Green, University California Medical Center, Los 
Angeles 

10:30 a.m.—Coffee 
Studies the small blood vessels the living pituitary 

Curtis Medical College South Carolina 

Initial Discussant: University California Medical Center, Los 
Angeles 


Electron microscopic studies the capillaries the anterior pituitary gland 
The Rockefeller Institute 
2:00 CIRCULATION BONE MARROW 


Chairman: ALBERT Washington Square College 
Experimental investigation microcirculation bone marrow 
Initial Discussant: Riosun City Hope Medical Center 
Electron microscopic study the vascular bed bone marrow 
Los Angeles 
Discussant: LEON Harvard University 
The effect environment proliferation and maturation nucleated red cells 
ALLAN The Jefferson Medical College 
4:15 Tea 


THE NATIONAL VITAMIN FOUNDATION, INC. 

Friday, October 1960—Jewish Hospital St. Louis, St. Louis, Mis- 
souri: all-day Symposium The Genetic Control Biochemical Proc- 
esses Diseases Metabolism, under the joint sponsorship the Foun- 
dation, the Jewish Hospital St. Louis, St. Louis University School 
Medicine and Washington University School Medicine. For further 


information write William Rubin, Director Public Information, The 
National Vitamin Foundation, Inc. 


CORRECTION 


line the Endocrinology Study Section announcement appearing 
page 147 the January 1960 issue the source 
the available follicle-stimulating hormone reads ‘‘bovine’’ 
should read, ovine. 


